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HYPERHEPARINEMIA: 
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AND 


Cxara V. Hussey, M.S. 
INSTRUCTOR IN BIOCHEMISTRY 


(From the Department of Biochemistry, Marquette University School of Medicine, 
Milwaukee, Wisconsin) — 


HyYPERHEPARINEMIA as the cause of 
a bleeding disease is so rare that it is 
practically unknown. The unique op- 
portunity to study a patient with a 
severe and persistent hyperheparin- 
emia several times during the course 
of a year made it possible to obtain 
valuable information concerning the 
clinical and hematological manifesta- 
tions, and to evaluate the efficacy of 
prophylactic treatment against bleed- 
ing, since the patient had to be pre- 
pared for extraction of teeth and minor 
oral surgery. In presenting this case, 
the methods required for the diagno- 
sis of heparinemia are outlined, the 
therapeutic management is described, 
and the condition as a clinical entity 
is discussed. Various other studies on 
heparin are included in order to in- 
terpret the clinical findings more ac- 


curately, and also to arrive at, if 


possible, a better understanding of the 
role of heparin in the clotting 
mechanism. 


Methods. PREPARATION OF THROMBIN. The 
method for preparing a solution of thrombin 
having a relatively high and 
constant potency is a modification of Eagle's 
procedure? and has been described in detail 
(Quick18). It consists of diluting normal 
human plasma with ice-cold distilled water 
and acidifying to pH 5. The precipitate that 
is formed is redissolved at pH 7, diluted 
to a fixed volume, and recalcified. The re- 
sulting solution of thrombin is of such potency 
that when 0.1 ml. is added to 0.2 ml. of 
human plasma, a clotting time of 3 seconds 
is consistently obtained. For convenience this 
concentration of thrombin was designated 
“full strength” (F.S.) in 1936 (Quick!5), 
two years before the Iowa unit of thrombin 

roposed. The solution contains approxi- 


was 
mately 50 units (Iowa ml. 
THROMBIN TIME. The betting time obtained 


*A preliminary report appeared in the Proc. of Central Society for Clin. Research, 29, 


69, 1956. 


This work was supported by a grant (H-1612 C10) from the National Heart Institute, 
National Institutes of Health, United States Public Health Service. 
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when a fixed amount of thrombin is added 
to a constant volume of normal plasma or a 
standard solution of fibrinogen is designated 
as the “thrombin time.” If full strength 
(F.S.) thrombin is taken as unity and serial 
dilutions prepared from it, the clotting times 
obtained when plotted against the recipro- 
cals of the dilutions yield a straight line. 


If the plasma contains but a small quantity 
of heparin, this linear relationship is lost, 
as shown in Fig. 1. 

QUANTITATIVE DETERMINATION OF HEPARIN 
(Quick!5). The concentration of heparin can 
be determined from the thrombin time by 
using a series of dilutions of thrombin and 
calculating the heparin from the curve of 


1 


> 
$ 

>? 
= 

1 l — 1 


Fig. 1.—The linear relationship of the oigting time to the reciprocal of the thrombin concen- 


tration. This relationship is lost by the 


resence of a minute amount of heparin (5 gammas 


per ml. of plasma ). 
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CONCENTRATION of HEPARIN(Mi¢rograms per ml of plasma) 


Fig. 2.—The relationship between the concentration of Heparin and the clotting time of plasm: 


after adding a fixed amount of thrombin (0.1 ml. 1/5-S. thrombin to 0.2 ml. of plasma). 
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Fig. 1. It is usually more convenient to use 
only one standard solution of thrombin 
(diluted 1:5 or 1/5 S.). For this purpose, 
0.1 ml. of the 1/5 S. thrombin is added to 
0.2 ml. of plasma to which known increments 
of heparin have been added, and the clotting 
times determined under standard conditions. 
From such values the curve in Fig. 2 has 
been plotted. It can be seen that the sensi- 
tivity of the method allows the determination 
of less than 1 gamma in 1 ml. of plasma. B 
using a stronger solution of thrombin ir 
as F.S., the range is broadened but the sensi- 
tivity is reduced and minute changes in 
heparin concentration can longer be 
measured with accuracy. 

To verify that a prolonged thrombin time 
is due specifically to heparin, the determina- 
tion is repeated after either protamine sulfate 
or toluidine blue has been added to the plasma 
to be assayed for heparin. If the thrombin 


Bleeding began on the fourth postpartum 
day and continued for one month. During 
this period 28 transfusions of blood were 
given to prevent exsanguination. The cause 
of the bleeding was not determined. 

On September 19, 1955, two months after 
delivery, the patient was studied in our lab- 
oratory and the following results were ob- 
tained: 


24hrs.4 (5 to 8 min.)° 
4% min. (2to3 min.) 
negative 


Clotting time 
Bleeding time 
Tourniquet test 


Prothrombin time 14 sec. (12 sec. ) 
Thrombin time (F.S.) 43 sec. ( 3 sec.) 
”  (1/5-S.) no clot ( 7 sec.) 
corrected with 
protamine sulfate 7 sec. ( 3sec.) 


°Figures in ee are values obtained 
on normal blood, 


TABLE 1—CORRECTIVE ACTION OF PROTAMINE SULFATE AND TOLUIDINE 
BLUE ON THE THROMBIN TIME OF PLASMA CONTAINING HEPARIN 


Normal plasma rl. 0.2 0.2 
Plasma containing heparin® ml. — 0.2 0.2 0.2 
Protamine sulfatet ml. — — 0.01 
Toluidine bluet ml. 0.01 0.01 
Thrombin (1/5-S. ) ml. 0.1 0.1 0.1 0.1 0.1 0.1 
Clotting time sec. 6) 5 5 120 5h 5k 


°Plasma obtained from blood collected after commercial heparin was injected intravenously. 
tOne per cent solution of protamine sulfate and of toluidine blue. 


time becomes normal, the presence of heparin 
is established with reasonable ——— This 
is illustrated by the results recorded in 
Table 1. 

Case Report. |.H., a 22-year-old woman, 
had excessive bleeding following a mastoid 
operation at the age of 3 years; she was given 
6 transfusions. Between the ages of 3 and 12 
she required 6 additional transfusions for 
bleeding following extraction of teeth and 
‘rom various injuries. Interestingly, her 
menses which began at age 12 have always 
heen normal. She had no abnormal bleeding 
wor a marked tendency to bruise until she 
vad her first baby. Bleeding began immedi- 
itely after delivery and continued for 17 days 
luring which period she received 34 trans- 
usions. Recovery was complete and she had 
0 further bleeding until her second baby 
vas born 16 months later. She received 2 
‘‘ansfusions of stored blood before delivery. 


The prolonged thrombin time corrected by 
protamine sulfate made the diagnosis of hy- 
perheparinemia fairly certain. 

She was again studied November 1, 1956, 
and the following findings were obtained: 


Clotting time 55 min. 
Bleeding time 4 min. 
Prothrombin time 15 sec. 


Thrombin time ( F.S.) 55 sec. 


It is clear from these data that the concen- 
tration of heparin in her blood had not 
changed significantly in several months, yet 
she had no abnormal bleeding and was ap- 
parently in good health. She had no bleeding 
during the next six months except for one 
nosebleed which required packing. During 
this time she had one menstrual period, which 
was normal. 


4 
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A study made July, 1956, yielded the fol- 
lowing results: 


Clotting time 34 min. 
Bleeding time 4 min. 
Prothrombin time 16 min. 
Thrombin time (F.S. ) 613 sec. 
70 sec. 
” (1/5-S.)* 9 sec. 


° After adding toluidine blue. 


It was clear from these studies that the 
heparin titer had dropped somewhat in the 
course of 6 months. To test whether she 
would respond favorably to protamine sulfate, 
she was given 50 mg. intravenously. The’ 
results were: 


in her blood, as shown by the following 
data obtained July 27: 


Clotting time 75 min. 
Prothrombin time 27 sec. 
Thrombin time, 14% sec. 


*After adding toluidine blue. 


The injection of toluidine blue was found to 
be as ineffective as protamine sulfate had 
been (Table 2). 

To prepare the patient for the extraction 
of teeth, she was given cortisone orally and 
transfusions of fresh frozen plasma. The re- 
sults are summarized in Table 2. A tempo- 
rary drop in the heparin titer and a shortening 


TABLE 2.—THE EFFECT OF CORTISONE AND TRANSFUSION OF FRESH FROZEN 
PLASMA ON CLOTTING TIME AND HEPARIN TITER OF BLOOD 


Thrombin Time 


Clotting Time 1/5-S. 
Date Treatment min. sec. sec. 
July 27 75 14% 
July 29 Cortisone, 100 mg. 
July 30 Cortisone, 150 mg. 20 8 
After 100 mg. toluidine blue 17 11% 
July 31 Cortisone, 150 mg. 25 8 51% 
After 250 ml. plasma® 15 6% 24% 
Six hours latert 30 6's 20 
After 250 ml. plasma® 12 6 19 
August | Cortisone, 100 mg. 35 5% 12 
After 250 ml. plasma® 15 Ss 10% 
August 2 Cortisone, 75 mg. 30 64 23 
August 4 35 9 74 


°Fresh frozen plasma 


+Two molars extracted and an impacted third molar removed. 


Time After Injection 

0 min. 3 min. 10 min. 
Clotting time, min. 35 45 46 
Prothrombin time, sec. 16 25 21 
Thrombin time, F.S., sec. 6% 6 7 


Significantly, protamine sulfate which effec- 
tively neutralized the heparin of her blood 
in a test tube had no beneficial effect when 
injected, but actually seemed to increase 
somewhat the concentration. 

She was again studied a month later. Her 
dentist advised the extraction of two molar 
teeth and the removal of an impacted third 
molar. It was obvious that she still had a 
dangerously high concentration of heparin 


of the clotting time occurred after every 
transfusion. She had no abnormal bleeding 
following the extraction of the three teeth. 
Since the patient lives a long distance from 
Milwaukee, it has not been possible to make 
further studies, but she has informed us that 
she has had no abnormal bleeding in the 
6 months since the last study. 


Discussion. The case of hyperhepar- 
inemia which has been presented em- 
phasizes .the importance of heparin 
and prompts a reconsideration of this 
agent in regard to its physiologica’ 
function. It is still uncertain whethe: 
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heparin plays a role in maintaining the 
fluidity of blood. There is evidence 
that heparin is normally present in the 
blood, but that the amount is minute. 
The thrombin time of human plasma 
using 1/5-S. thrombin is 6% to 7 sec- 
onds, but is reduced to 5) seconds 
when toluidine blue is added (Table 
|). Since the curve obtained by plot- 
ting the concentration of heparin 
against the clotting time obtained with 
a constant quantity of thrombin is 
practically a straight line as shown in 
Fig. 2, it may be estimated by extra- 
polation that normal plasma contains 
about 1 gamma of heparin per ml. 


fairly large dose, does not elicit release 
of heparin into the blood, it seems 
unlikely that the organism depends on 
heparin to protect itself from  intra- 
vascular clotting. 

Heparin appears to be intimately 
related to certain immunological _re- 
actions. A marked hyperheparinemia 
is produced by the injection of pep- 
tone into dogs ( Howell'®, Quick', and 
Wilander*!) and also in anaphylactic 
shock (Eagle, Johnston and Ravdin*, 
and Waters, Markowitz and Jaques’). 
Under these conditions, heparin is re- 
leased from the mast cells and secreted 
into the blood. When papain is in- 


TABLE 3.—THE EFFECT OF INJECTED HEPARIN INTRAVENOUSLY ON THE 
CLOTTING TESTS 


(Subject Q, Weight 70 kg.. 50 


mg. of heparin, 5 ml. of Upjohn) 
Thrombin Time 


Clotting — Prothrombin A 
Time Time Time F.S. 1/5-S. 
min. min. sec. sec. sec. 
tf) 7 12 3 6 
l 58 19 6 120 
10 48 18 5% 67 
30 33 17 4 31 
60 29 16 3h 19 
180 9 12 3 6 


Jaques, Monkhouse and Stewart!!' have 
estimated the concentration to be 0.09 
gamma per ml., while Nilsson and 
Wenckert'' report it to be 2 to 4 
gammias. 

Whether the minute quantity of 
heparin in blood protects against  in- 
travascular clotting is difficult to de- 
termine. If thrombin is injected slowly 
intravenously in amounts greatly ex- 
ceeding the calculated capacity of the 
heparin in the blood to neutralize 
thrombin, no massive intravascular 
clotting occurs and no increase of 
ieparin is observed. Apparently, some 
‘iechanism other than heparin pro- 
‘eects against thrombosis and since 
‘thrombin, even when injected in a 


jected into rabbits, an immediate and 
sustained outpouring of heparin into 
the blood occurs, as Monkhouse’* first 
reported and Quick’? has confirmed. 
While the nature of the action of 
papain is not known, it seems probable 
that it brings about cellular breakdown 
with release of heparin. 

When heparin is injected intrave- 
nously, it causes no demonstrable effect 
other than on the clotting reaction. As 
seen from Table 3, the clotting, pro- 
thrombin, and thrombin times are all 
prolonged. The latter is completely 
corrected by adding toluidine blue. The 
heparin is eliminated fairly rapidly and 
a 100-mg. dose is normally entirely 
removed from the blood of an adult in 
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less than 4 hours. The decrease can be 
followed by the clotting and throm- 
bin times. The prothrombin time also 
parallels the thrombin time. 

A prolonged thrombin time which 
is corrected by toluidine blue or prota- 
mine sulfate is the simplest and most 
direct means for detecting and estab- 
lishing the presence of heparin in the 
blood. The protamine titration test of 
Allen et al.*, which is widely used, is 
apparently less specific and is subject 
to technical errors. Allen and Jacob- 
son! on the basis of this test concluded 
that the hemorrhagic state resulting 
from total body irradiation was caused 
by a heparin-like compound appearing 
in the blood. Cronkite® was unable to 
confirm these findings. He found no 
heparin or heparinoid compounds in 
the blood, but observed a profound 
thrombocytopenia which accounts for 
the bleeding state. 

Since the protamine sulfate titration 
method failed to furnish reliable re- 
sults in total body irradiation, it be- 
comes difficult to evaluate the various 
reported cases of hyperheparinemia 
based on this procedure. Bell's patient* 
had a clotting time of 1% hours, yet 
only 0.18 mg. of protamine was re- 
quired to clot 1 ml. of the patient's 
blood heparinized according to the 
standardized directions, while 0.14 mg. 
was needed for the same volume of 
normal blood. It seems rather hazard- 
ous to base a diagnosis on such a small 
difference of protamine, especially 
when the method is essentially a modi- 
fied clotting time and as such is sub- 
ject to the various errors of the latter. 
The same criticism applies to the case 
reported by Crisalli and Cotellessa® 
and the earlier series of Castex and 
Pavlovsky*. In none of these cases was 
a thrombin time test carried out. In 
the case of Speer et al.’* the thrombin 
time was normal, which makes the 


diagnosis doubtful. 


Recently, Heni and Krauss" have 
reported a hemorrhagic disease in a 
father and daughter in which both the 
clotting time and the prothrombin time 
were prolonged and the latter was 
corrected with protamine, which makes 
their diagnosis of hyperheparinemia 
very probable and indicates that the 
disease can be hereditary. 

It appears very probable that in our 
patient the hyperheparinemia is con- 
genital, since a bleeding tendency was 
manifested in early childhood and ab- 
normal bleeding occurred after tooth 
extractions and other minor operations. 
It is likely that she has retained an 
excess of heparin in her blood even 
though she remained clinically normal 
for long periods. The two severe 
hemorrhagic episodes occurred post- 
partum. It is interesting to speculate 
on whether pregnancy accentuated the 
hyperheparinemia. The possibility that 
such a condition may be hereditary is 
further suggested by an observation 
that a mink from a highly inbred stock 
developed a bleeding state and that 
the only abnormality found was hyper- 
heparinemia. 

The regulation of heparin in the 
blood is not known and, therefore, no 
explanation for a pronounced and per- 
sistent hyperheparinemia can be given. 
Significantly, the injection of neither 
protamine sulfate nor toluidine blue 
decreased the patient's concentration 
ot heparin in the blood. The employ- 
ment of these two drugs therapeutical- 
ly requires scrutiny. Heni and Krauss* 
reported that protamine sulfate stopped 
intestinal bleeding in one of their pa- 
tients promptly; however, in view of 


the fact that gastrointestinal blood - 


may stop spontaneously, a_ solitary 
clinical observation uncontrolled by 
laboratory studies is of limited value 
Nevertheless, in some bleeding states 
such as that induced by the injection 
of papain into rabbits: which causes : 
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striking hyperheparinemia, the hemor- 
rhage can be controlled only with pro- 
tamine sulfate or toluidine blue. 

Cortisone was tried on the theory 
that the type of heparinemia such as 
our patient exhibited might be related 
to an immunological reaction. While 
some decrease in the heparin titer oc- 
curred, the response was not definite 
enough to warrant drawing any conclu- 
sions or to depend on it solely as a 
means against bleeding. As a supple- 
mentary measure, fresh frozen plasma 
transfusions were given. A significant 
drop in the concentration of heparin 
occurred after each transfusion. By 
means of this empirical approach, the 
heparin was sufficiently reduced to 
permit the extraction of three molar 
teeth, one of which was impacted, 
without abnormal bleeding. 

The clinical picture presented by the 
patient is unusual. Although her clot- 
ting time during the past year, after 
she recovered from the severe post- 
partum bleeding, has probably 
been shorter than 45 minutes, yet she 
has had no serious bleeding, has not 
bruised'much more than many normal 
women, and has had no excessive 
menstruation. Apparently, the heparin 
titer which remained high in her blood 
for at least 5 months is dropping. 
Whether another pregnancy would 
cause an exacerbation of her bleeding 
state cannot be predicted, nor is it cer- 
tain that cortisone and plasma transfu- 
sions will prevent it. Nevertheless, in 
view of the satisfactory results that 
were obtained following tooth extrac- 
tion, it would be the method of choice. 

The cause of the two episodes of 
severe and prolonged postpartum 
hemorrhage was not recognized and 
ler condition was not diagnosed until 
the recent studies were made. This 
makes it likely that other cases of 
bstetrical bleeding may likewise be 
inissed or incorrectly diagnosed. Hy- 
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perheparinemia must be differentiated 
from other conditions such as afibrino- 
genemia and antithromboplastinogen- 
emia (circulating anticoagulant) which 
also cause postpartum bleeding. The 
one-stage prothrombin time furnishes 
valuable diagnostic information, since 
in hyperheparinemia it is moderately 
prolonged, in antithromboplastinogen- 
emia it is normal, while in afibrinogen- 
emia no clot is formed. This informa- 
tion can be further supplemented by 
specific tests such as the thrombin time 
and the prothrombin consumption 
test. 

The mild bleeding tendency of the 
patient despite the high concentration 
of heparin in her blood warrants cau- 
tion in attributing bleeding to mild 
hyperheparinemia. It also brings up 
anew the problem of how much heparin 
should be administered in anticoagu- 
lant therapy. The marked prolongation 
of the clotting time without an appar- 
ent concomitant accentuation of the 
bleeding tendency again emphasizes 
the unreliability of the clotting time 
as a guide to or an estimate of either 
hemostasis or thrombosis. 

Summary. Hyperheparinemia as the 
cause of a bleeding state is rare but 
it is a distinct clinical entity which may 
perhaps be congenital. The principal 
findings obtained from the study o 
patient with this disease were as fol- 
lows: (1) a history of bleeding begin- 
ning early in childhood which re- 
mained almost subclinical after 
operations and trauma, (2) a heparin 
content of the blood so high (2 months 
after severe postpartum bleeding) that 
no coagulation occurred, and (3) the 
successful prophylactic treatment with 
cortisone and fresh frozen plasma to 
permit extraction of teeth without ab- 
normal bleeding. The thrombin time 
test was employed for the diagnosis 
and for following the course of the 
disease. 
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SUMMARIO IN INTERLINGUA 


Hyperheparinemia: Reporto de Un Caso 


Hyperheparinemia como causa de un stato de sanguination es rar, sed illo es 


un distincte entitate clinic que es forsan congenite. Le constatationes principal 
facite in le studio de un patiente con iste morbo esseva le sequentes: (1) Un 
historia de sanguination a partir del prime infantia, que remaneva quasi subclinic 
excepte post intervention chirurgic e trauma. (2) Un si alte contento sanguinee 
de heparina que nulle coagulation occurreva 2 menses post un sever sanguination 


post parto. (3) Successo in le tractamento prophylactic con cortisona a fresc 


plasma congelate, pro permitter extractiones dental sin sanguination anormal. 


Le test del tempore de thrombina esseva usate in le diagnose e in sequer le 


curso del morbo. 
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PARADOXICAL VALUES OF THE ERYTHROCYTE SEDIMENTATION 
RATE IN RHEUMATIC FEVER: A COMPARISON AMONG 
THREE ACUTE PHASE TESTS°* 


By T. N. Harris, M.D. 
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SipNEY FRiepMAN, M.D. 
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AND 
James Tanc, M.D.+ 


(From the Rheumatic Fever Research Laboratory of The Children’s Hospital of Philadelphia, 
the Philadelphia General Hospital, the Children’s Seashore House for Invalid Children at 


In the absence of any known 
pathogenetic agent of rheumatic fever 
which might be used in specific tests 
for the detection or measurement of 
activity of this disease, a number of 
nonspecific laboratory tests have been 
employed for these purposes. These 
tests fall into 2 groups, which differ in 
their purpose and in the degree of 
specificity. of their relationship — to 
rheumatic fever. The — streptococcal 
serologic tests, which constitute one of 
these groups, are not specific to rheu- 
matic fever, in that it is quite unlikely 
that any of the streptococcal antigens 
which have been used in such tests 
thus far constitute a specific patho- 
genetic agent of the disease. However, 
« relationship of this group of antigens 
to rheumatic fever is suggested by 2 
tvpes of observations. First, these anti- 
gens are derived from an organism, the 
hemolytic streptococcus, which has 
often been identified as an infecting 
egent in individual patients or groups 
of patients shortly before the appear- 
ance of rheumatic fever (Paul et al.**); 


Atlantic City, and the Department of Pediatrics. School of Medicine, University of Pennsylvania ) 


second, frequency distributions of anti- 
body titers to these antigens in sera 
of groups of patients with active rheu- 
matic fever have been found to include 
titers as high as those in groups of 
convalescents from streptococcal infec- 
tion (data reviewed by McCarty*'), 
or, in some cases, even higher ( Faber’, 
and Harris, Harris and Nagle). Cer- 
tain ranges of titers give evidence as 
to recent streptococcal infection, and, 
interpreted in the light of the clinical 
data, may thus suggest whether rheu- 
matic fever is present. 

The other group of tests commonly 
used in rheumatic fever, the acute 
phase tests, are entirely nonspecific in 
character, and probably reflect destruc- 
tion of tissue which may be due to 
such diverse causes as inflammation, 
infarction or malignancy. Of the 3 
acute phase tests employed in_ this 
study that of the erythrocyte sedimen- 
tation rate (ESR) (Fahreus*) depends 
on the fact that during tissue-destruc- 
tive processes there is an increased con- 
centration in the blood plasma of a 


*This study was supported by a research grant from the National Heart Institute of the 
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substance which causes an increase in 
the size of the rouleaux formed by 
erythrocytes in shed blood. The C- 
reactive protein (CRP) (L6fstrom?®, 
and Tillett and Francis**) test detects 
a substance, not normally present in 
serum but present during many states 
involving tissue-destruction, which 
forms a precipitate with the somatic 
polysaccharide of the pneumococcus. 
The mucoprotein tyrosine (MPT) 
( Winzler*!) test measures the concen- 
tration of a group of glycoproteins in 
the serum, expressed as tyrosine. These 
substances are normally present in 
serum in low concentration, but are 
found in higher concentration in the 
disease states mentioned above. Of the 
group of acute phase tests, each offers 
a relative estimate of the intensity 
of a pathologic process without any 
implication as to the nature of that 
process. In fact, of the 3 tests used in 
the present study none was first de- 
scribed in connection with rheumatic 
fever. 

The most widely used and oldest 
of these tests is the determination of 
the erythrocyte sedimentation rate. In 
the 3 decades in which the ESR has 
been used for estimations of the sever- 
ity of rheumatic fever, however, 
certain special situations have been 
recognized in which this test gives 
results which cannot be_ reconciled 
with available clinical evidence of the 
activity of the rheumatic process in 
the patient at that time. Thus, it has 
been recognized that in the presence 
of the cardiac failure which may 
occur in rheumatic carditis the ESR 
may paradoxically be decreased, often 
to normal limits (Payne and 


Schlesinger™*, Perry*, and Struthers 
and Bacal*’), although the cardiac 
failure is usually in itself strong evi- 
dence of aggravation of the rheumatic 
process. Also, it has been reported 
that in some adolescent patients, 


especially girls, there may be a failure 
of the ESR to return to normal limits 
as the rheumatic inflammation sub- 
sides, even to complete quiescence, as 
far as can be ascertained by clinical 
evidence (Harris*). Again, the ESR 
has been shown to be artificially de- 
pressed, without concomitant quies- 
cence, of the rheumatic process, in the 
course of massive salicylate therapy 
(Murphy**, and Harris'?) and espe- 
cially in the course of hormone therapy 
with ACTH or cortisone ( Harris et al."! 
and the Cooperative Study*®). In 
sicklemia, also, the ESR is known 
to be unreliable, since the departure 
of the erythrocytes from the normal 
shape of the biconcave dise results in 
a failure of these cells to form rouleaux 
as large as would be formed by 
normally-shaped erythrocytes — under 
the same circumstances. Finally, the 
ESR has recently been found to be 
elevated in patients with inactive rheu- 
matic fever receiving injections of 
benzathine penicillin for prophylaxis of 
rheumatic fever (Haas, Taranta and 
Wood> ). 

In the past decade a_ substantial 
number of other acute phase tests have 
been described. Those which have 
been more fully studied and applied to 
rheumatic fever are measurements in 
the serum of C-reactive _ protein 
(Anderson and McCarty’, Good®, and 
Stollerman et al.?°), and mucoproteins 
(Kelley, Adams and Good!*) as men- 
tioned above, as well as hexosamines 
(Kelley'’), nonglucosamine polysac- 
charides complement 
(Fischel, Pauli and Lesh®), and non- 
specific hyaluronidase inhibitor (Good 
and Glick’). Because of the anomalous 
results of the ESR in the situations de- 
scribed above, it was decided to carry 
out a comparison, in these situations, 
among the acute phase tests which 
have been most widely applied ‘o 
the estimation of rheumatic activity: 
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the erythrocyte sedimentation rate, the 
serum C-reactive protein, and the 
serum mucoprotein. 


Materials and Methods. cuinicaL MATE- 
niAL. The patients studied were admitted to 
the wards of The Children’s Hospital of 
Philadelphia or The Philadelphia General Hos- 
pital with a diagnosis of acute rheumatic 
carditis, and many were followed in con- 
valescence at the Children’s Seashore House 
for Invalid Children, at Atlantic City. All of 
these patients had a history typical of rheu- 
matic fever and at least one cardiac murmur 
characteristic of valvular insufficiency. The 
observations on EKG, roentgenogram of the 
thorax and streptococcal serologic tests were 
also consistent with a diagnosis of acute 
rheumatic carditis. In the course of determin- 
ing the ESR the blood was centrifuged in 
der to obtain data to correct the relative 
packed volume of erythrocytes, and the 
supernatant plasma from this centrifugation 
was stored in the frozen state. For the tests 
reported below such specimens were thawed, 
and the precipitated fibrinogen was removed 
by centrifugation. 

LABORATORY TESTS. Acute phase reactants. 
1. Erythrocyte sedimentation rate (ESR). The 
ESR was determined as follows: Venous 
blood was collected with the addition of 2 
to 3% of 35% sodium citrate (to provide a 
minimum of dilution and a minimum con- 
centration of citrate). The blood was placed 
in a 13-mm. tube which was maintained in a 
vertical position, the column of blood being 
approximately 100 mm. in height. The height 
of the erythrocyte column relative to a fixed 
point on the tube was recorded at 5-minute 
intervals, differences between such 
successive readings were noted. For compu- 
tation of the crude ESR only those readings 
which fell approximately in an arithmetic 
progression were used, thus eliminating the 
decelerating effects due to the time required 
for the rouleaux to reach full size and to 
the packing of erythrocytes, later. In_ this 
way several mutually corroborative obser- 
vations of the rate of free fall of the rouleaux 
were available, and the hourly rate of fall 
was calculated from these. Correction for 
variations in the volume percentage of packed 
erythrocytes was made by centrifugation of 
the tubes at a standardized speed and time, 
etermining the percentage of packed erythro- 
ytes, and correcting to a value corresponding 
‘0 45% volume of packed erythrocytes b 
‘the use of a nomogram developed by Ord- 
way and Singer. 


2. C-reactive protein (CRP). The CRP 
determination was carried out by superim- 
posing a column of the serum to be tested 
and a column of rabbit anti-CRP serum in 
a capillary tube, as described by Anderson 
and McCarty!. After 2 hours of incubation 
at 37° C. and overnight incubation in the 
refrigerator, the height of the precipitate was 
recorded to the nearest half millimeter. Each 
tube was accompanied by a control tube 
containing the serum to be tested and saline 
solution. Other controls in each test were 


_ those of anti-CRP serum and saline solution, 


and anti-CRP serum and a known positive 
control. 

3. Serum mucoproteins. Serum mucopro- 
tein tyrosine (MPT) was determined by a 
modification of the procedure described by 
Winzler32, as follows: One-half milliliter of 
serum was transferred by Lang-Levy pipet 
to a plastic centrifuge tube. Nine milliliters of 
saline solution were added, and, after mixing 
these, 10 ml. of 0.39 M_ sulfosalicylic acid 
solution. After 15 minutes the tubes were 
centrifuged for 15 minutes at 5000 RPM. 
The resulting supernates were decanted 
through coarse filter paper. Of each supernate 
two or three 5-ml. portions were placed in 
test tubes and to each was added 5 ml. of 
a 1.67% solution of phosphotungstic acid in 
2 N HCl. The tubes were stoppered and 
inverted several times immediately. After 15 
minutes jall tubes were centrifuged for 15 
minutes at 2000 RPM. The supernatant fluid 
was discarded and the tube drained. The 
precipitates were washed once in 5 ml. of 
0.83% phosphotungstic acid in 2 N HCL, 
and to a washed precipitate was added 
6 ml. of N/3 NaOH. (Blanks and bovine 
serum albumin standards were included at 
this point.) All tubes were placed in a 
boiling water bath for 10 minutes, and after 
being cooled, 2 ml. of Folin’s solution 1:3 
were added to each. After mixing, the tubes 
were kept at room temperature for 20 min- 
utes and then read in a Klett colorimeter with 
a #66 filter, and the resulting values con- 
verted to MPT by a tyrosine standard. Early 
series of determinations were done on tripli- 
cate portions of the sulfosalicylic acid super- 
nate, but the values within these triplicates 
were in such close agreement that duplicates 
were used thereafter. In addition to the albu- 
min control each test contained at least one 
serum specimen in common with the preced- 
ing test. 

Streptococcal serologic tests. Streptococcal 
anti-hemolysin O  (antistreptolysin, ASO) 
titers were determined with modifications of 


the method described by Todd?9,' as de 


y 
1 
n 
il 
1X 
P 
oT 
re 
of 
of 
rd 
ial 
ve 
ve 
to 
in 
nd | 
ins 
en- 
nes 
ac- 
ent 
on- 
90d 
ous 
de- 
ons, 
rich 
to 
rity: 


scribed elsewhere, streptococcal anti- 
hyaluronidase (AH) titrations were performed 
by the mucin-clot prevention test, against 
3 units of the enzyme, as described previously 
(Harris and Harris!4). 

Results. 1. canpiAC FAILURE. Included 
in this group are 7 children with acute 
rheumatic carditis complicated by con- 
gestive heart failure, in whom the 
initial determination of the ESR vielded 
values which were usually 5 mm. per 
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again approached the low value which 
had been found on admission. Sera 
from the blood specimens obtained 
during the first 2, or in some instances 
in all 3, of these stages were examined 
for C-reactive protein (CRP, expressed 
as mm. of precipitate versus rabbit 
anti-CRP serum) and mucoprotein 
tyrosine (MPT, expressed as mg. per 
100 ml. of serum ). 
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Fig. 1—Values of the 3 acute phase tests observed in 7 patients with rheumatic carditis com- 
plicated by congestive heart failure at the following stages of the disease: 


A. During cardiac failure 


B. On partial or complete recovery from cardiac failure 
C. On subsidence of activity of rheumatic fever 
The ESR is given in mm. of free fall per hour, corrected to 45% packed erythrocytes (normal 
range, 3 to 20); CRP in mm. of precipitate vs. anti CRP serum (normal value, 0); MPT in mg. 
per 100 ml. of serum (normal range 1.7 to 4.2). 


hour or less, and in all cases below 
12 mm. per hour. In the case of all 
these patients the institution of treat- 
ment for congestive heart failure re- 
sulted in the improvement of the rele- 
vant physical signs, primarily a 
decrease in the extent of hepatomegaly 
and respiratory distress and, concom- 
itantly, a sharp increase in the ESR. 
Ultimately, in convalescence, the ESR 


The results of all 3 tests are shown 
in Fig. 1. As can be seen in this figure, 
the CRP test was positive on admission 
in the sera of 6 of these patients, and 
in all of these the CRP showed a 
progressive decrease from the first to 
the second and, where a third speci- 
men was examined, from the second 
to the third. The MPT levels on admis- 
sion were above the mean of norma! 
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values (2.5 mg. per 100 ml.) in 5 of 
the 7 patients, but in 6 of the 7 there 
was an increase from the initial speci- 
men to that obtained after recovery 
from cardiac decompensation. 

2. TREATMENT WITH ACTH AND CORTI- 
sone. For this part of the study sera 
were available from patients included 
in a study, reported elsewhere (Harris 
et al.'*), of the short-term therapeutic 
effects of these hormones in acute 
rheumatic fever. Fourteen patients 
were selected in whom the ESR fell 
rapidly to normal limits shortly after 
hormone tre atment was begun, ‘and in 
whom clear-cut “rebound” effects oc- 
curred after the cessation of such 
therapy, since these patients gave the 
clearest evidence of anomalous ESR 
values as an effect of the administra- 
tion of the hormones. In 12 of these 
14 patients CRP was present in the 
serum at the onset of the disease. In 
all of these it was found that the CRP 
also was reduced rapidly in the course 
of hormone therapy, as has been de- 
scribed by others (Ziegra and 
Kuttner*). Also, as in the case of the 
ESR, the return of the CRP to abnor- 
mal values after cessation of hormone 
therapy in these cases indicated that 
the normal value of CRP during the 
latter part of the course of hormone 
therapy did not constitute valid evi- 
dence of inactivity of the rheumatic 
process. In the case of the serum 
mucoproteins the results were less uni- 
form. In 8 of the 14 patients the level 
of the MPT was slightly lower after 3 
weeks of hormone therapy than it was 
} weeks later, after the cessation of 
such treatment, and in the case of the 
other 6 patients it was somewhat higher 
at the third week than at the end of 
the sixth week. In Fig. 2 are shown 
lata obtained in the case of 4 of these 
\4 patients at various stages of the 
lisease relative to periods of hormone 
‘ierapy. The composite graph in this 
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figure shows the arithmetic means of 
the values of the respective tests in 
these 14 patients at 3 times: (A) prior 
to hormone therapy, (B) after 3 weeks 
of such treatment, and (C) approxi- 

mately 3 weeks thereafter. In this com- 
posite graph it can be seen that the 
mean value of the MPT was slightly 
lower after 3 weeks of hormone therapy 
than during the period which followed 
the hormone therapy, whereas the 
mean values of the ESR and CRP were 
reduced to very low levels and zero, 
respectively, in the course of hormone 
therapy. For comparison with these 
patterns the geometric mean titers of 2 
streptococcal antibodies are shown at 
the right of Fig. 2. These titers were 
determined in the same specimens of 
serum as those used for the determina- 
tion of the CRP and MPT in the other 
composite graphs of Fig. 2. It can be 
seen that the mean titers of these 2 
antibodies show an approximately uni- 
form decrease during the two 3-week 
periods involved, in contrast to both 
of the patterns found among these 3 
acute phase reactants, as has been 
shown in a larger group of hormone- 
treated patients with rheumatic fever 
(Harris et al.'"). 

Because of the indication in these 
data that the administration of adrenal 
hormone affected the serum muco- 
protein level to some extent, a tabula- 
tion was made of the decrease in serum 
mucoprotein tyrosine during the first 3 
weeks of hospitalization in this group 
of 14 hormone-treated patients, and a 
similar tabulation was made for a group 
of patients with active rheumatic fever 
chosen at random from control patients 
of the hormone treatment study. The 
results of this tabulation are shown in 
Table 1. In this table it appears that 
the decrease of MPT during this early 
3-week period is greater in the group of 
hormone-treated patients sampled than 
in the control group. 
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3. SICKLEMIA. Two patients with 
sickling trait were studied during an 
acute episode of rheumatic carditis. 
One of these, G.W., was a 5-vear-old 
colored girl admitted with acute pan- 
carditis. The initial value of the cor- 


of congestive heart failure on admis- 
sion, but compensation was restored 
within the first week of hospitalization. 

The other patient was a 4-year-old 
colored boy, L.S., who was admitted 
with a history typical of rheumatic 


TABLE 1—FALL IN MPT VALUE DURING FIRST 3 WEEKS OF HOSPITALIZATION 
FOR ACUTE RHEUMATIC FEVER IN 14 HORMONE-TREATED AND 14 SYMPTO- 
MATICALLY TREATED PATIENTS. DISTRIBUTION OF INDIVIDUAL VALUES 


Decrease, in mg. per 100 ml. 0-1 1-2 2-3 3-4 45 5-6 6-7 7-8 8-9 Mean 
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Fig. 2.—Values of the 3 acute phase tests found in 4 representative hormone-treated patients 
with acute rheumatic fever, at various stages of the disease: 


A. Before hormone therapy 


B. After at least 3 weeks of hormone therapy 


C. During rebound 


D. During convalescence from rheumatic fever 
(The subscript 2 refers to a second course of hormone therapy ) 
Also, a composite graph of the average values of the acute _ tests in the group of 14 


patients, and for comparison, a composite graph of the values o 


2 streptococcal serologic titers 


(anti-streptolysin 0 and anti-hyaluronidase) on the same patients at the same times. 


rected ESR was 22 mm. per hour, the 
value of the CRP was 2% mm. and 
that of the MPT was 8.3 mg. per 100 
ml. A week after admission this pa- 
tient’s ESR was 6 mm. per hour, the 
CRP was still positive, at 1 mm., and 
the MPT was 7.9. She was in a state 


fever and an apical systolic murmur 
characteristic of rheumatic mitral in- 
sufficiency. On admission the ESR was 
1 mm. per hour; there were 2 mm. of 
CRP and 5.6 mg. per 100 ml. of MPT. 
A week later the respective data wer 


ESR, 11 mm. per hour; CRP, 
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MPT, 4.4 mg. per 100 ml. The ESR 
of this patient subsequently declined 
to a value of less than 5. 

4. PERSISTENT ELEVATION OF ESR IN 
ADOLESCENTS, FOLLOWING RHEUMATIC 
rever. Of over 200 children convales- 
cing from acute rheumatic fever at the 
Children’s Seashore House during a 5- 
year period (1951-1956) there were 11 
in whom the ESR had declined progres- 
sively from its high value at the onset 
of the disease to a level in the range 
of 25 to 40 mm. per hour, but then 
remained at a plateau in this range for 
some months, although the patient con- 
tinued to show evidence of improve- 
ment in other respects. The majority 
of these patients were girls in the age 
range of adolescence, as had been 
found in previous description 
(Harris*) of this occurrence, the re- 
maining 2 of the 11 being boys, aged 
11 and 14. In all of these patients the 
acute episode of rheumatic fever had 
begun at least $8 months before the 
period of plateau of the ESR, and all 
ot them had given evidence of termi- 
nation of the active process by the fol- 
lowing criteria: stability of the cardiac 
rate at a level within normal limits for 
the age, constant intensity and degree 
of transmission of cardiac murmurs 
and increase in the blood hemoglobin 
concentration or the hematocrit per- 
centage. 

The period of persistent elevation of 
the ESR was 2% months in 3 of these 
patients, and 3 months or more in the 
others. The average value of the ESR 
during this period was between 25 and 
30 mm. per hour, corrected, in 3 of 
these patients, between 30 and 35 in 
5 others, between 35 and 40 in 2 pa- 
tients, and above 40 in the remaining 
one. C-reactive protein and mucopro- 
teins were measured in the sera of all 
patients in this group at monthly inter- 
vals during this period. No CRP was 
‘ound in any of these sera, and the 
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MPT values were all within the range 
of 1.8 to 4.1 mg. per 100 ml., each 
patient having a constant level of MPT 
throughout the period tested. 

The ESR declined subsequently in 
10 of the 11 patients (in 4 of these 
after resumption of some physical ac- 
tivity had been permitted), and there 
was no evidence of activity of the 
rheumatic process in these patients 
thereafter. The eleventh is completing 
an otherwise uneventful convalescence 
at the present time. 

Discussion. 1. CARDIAC FAILURE. In 
the group of patients having this com- 
plication of rheumatic carditis the ESR 
showed the expected anomalous low 
values. The values of the CRP were 
not apparently affected, as has been 
found by earlier investigators (Good*, 
and Stollerman et al.**), Factors other 
than inflammatory process of rheu- 
matic fever might tend to increase the 
CRP in the serum of such patients, 
since CRP has been found in the sera 
of patients with congestive failure, 
where the failure has been on a basis 
other than that of inflammatory dis- 
ease (Elster, Braunwald and Wood*). 

In 6 of the 7 patients in this group 
the MPT was found to be lower at the 
onset of rheumatic carditis, during the 
period of cardiac failure, than after 
cardiac compensation had been _re- 
stored. Since in the great majority of 
patients with acute rheumatic fever 
the MPT shows a progressive decline 
from the earliest specimen obtained, 
this would suggest that the concentra- 
tion of serum mucoproteins can be af- 
fected by congestive heart failure. 
However, this anomalous effect would 
appear to be of far smaller degree than 
the corresponding reduction in the 
ESR, since the values of the MPT 
found in cardiac failure were usually 
above the average for the normal pop- 
ulation, whereas those of the ESR 
were usually very low under those cir- 
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cumstances. This implication of an ef- 
fect on the MPT level by cardiac 
failure is somewhat at variance with 
the conclusion drawn by Kelley, 
Adams and Good!® that congestive 
heart failure did not appear to cause a 
decrease in the serum mucoprotein 
level. 

2. ACTH AND CORTISONE THERAPY. 
Both the ESR and the CRP, as has 
been shown by a number of workers 
(Stollerman et al.2* and Ziegra and 
Kuttner**), were reduced sharply dur- 
ing the period of administration of 
ACTH or cortisone at 
doses, as can be seen in Fig. 2. In the 
case of the mucoproteins the value 
after 3 weeks of hormone therapy was 
often found to be slightly lower than, 
or approximately equal to, that found 
3 weeks later, after the termination of 
the course of hormones. In view of 
the progressive decrease of MPT levels 
which is found in the great majority 
of patients with rheumatic fever, these 
observations would suggest that the 
hormones, as used in these patients, 
had some suppressive effect on the 
level of serum mucoproteins. Since 
Kelley, Adams and Good'® had found 
no evidence of a greater rate of de- 
crease in mucoprotein level with time 
in a group of hormone-treated rheu- 
matic fever patients than in a group 
of others not treated with these agents, 
a comparison was made of the distribu- 
tion of the extent of decrease of serum 
mucoproteins in the 14 hormone- 
treated patients and 14 control patients 
of the same study. The results, shown 
in Table 1, indicate that among the 
patients involved in the hormone- 
treatment study (Harris et al.'*) re- 
ferred to, some suppression of the MPT 
by ACTH or cortisone did occur. A 
possible basis for this discrepancy 
might lie in the fact that the control 
subjects in this study were treated 
neither with hormones nor salicylates, 
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whereas in the study of Kelley, Adams 
and Good!® the comparison was made 
between patients receiving hormones 
and those receiving salicylates. 

It may be pointed out that the ques- 
tion of a limited degree of suppression 
of serum mucoproteins by these hor- 
mones does not affect the value of 
the suggestion by Kelley, Adams and 
Good in that study'’® that the MPT 
serves as a useful guide in hormone 
treatment of patients with rheumatic 
fever, since whatever the extent of 
such suppression might be, in a given 
situation, it would certainly be far less 
than the suppression of the ESR and 
CRP. 

3. SICKLEMIA. In the 2 patients with 
sicklemia the values of the ESR were 
low, but there is evidence that these 
represented an increase aver the nor- 
mal levels of these patients, since one 
of these had an initial level of 22 which 
declined to 6, and in the other the cor- 
responding values were 15 and_ less 
than 5. That the initial rates were af- 
fected in these 2 patients by an ex- 
traneous factor such as sickling is 
suggested by comparison with the 
values of the CRP and MPT. Although 
there is proportionality among 
values of the 3 acute phase tests, there 
is a clear tendency of higher values 
of each to be accompanied by relatively 
high values of the other. In these 2 
cases, however, the CRP and MPT 
levels at onset were in a range usually 
accompanied by substantially higher 
values of the ESR than was found to 
be the case. Again, as Kelley, Adams 
and Good have reported'® and as we 
have found in another study'® the ESR 
and MPT are quite similar in thei) 
sensitivity as indicators of rheumatic 
activity; in the 2 patients with sickling 
trait on the other hand, the ESR hac 
declined to its plateau level early i 


the course of the illness, at a time whe: 


the MPT was still elevated and sti! 


‘ 
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declining to its normal values in those 
patients. The data obtained in these 
2 patients indicate that the ESR is 
probably reduced in the presence of 
the sickling trait, but that other acute 
phase reactants may be useful as indi- 
cators of rheumatic activity under these 
circumstances. 

4. PERSISTENT ELEVATION OF THE ESR. 
The persistence of the ESR at an ele- 
vated level in some adolescent children 
convalescing from rheumatic fever, in 
the absence of other evidence of rheu- 
matic activity, is a phenomenon of 
which the mechanism is not under- 
stood. In practical terms this phenom- 
enon can cause an additional problem 
in clinical management since a_persis- 
tently elevated ESR not due to con- 
tinued activity of the rheumatic 
process may cause weeks or months of 
additional, unnecessary, hospitalization 
or bed care at home. In the present 
study other acute phase tests, not 
available at the time of the descrip- 
tion of this phenomenon in 1945 
( Harris*), could be done, and the find- 
ing in these 11 patients that both of 
the other acute phase tests gave nega- 
tive results through a 3-month period 
of this clinical situation gives addi- 
tional evidence that persistence of the 
ESR at a plateau level in such patients 
may represent an anomaly of erythro- 
cyte sedimentation, and not a reflec- 
tion of activity of the rheumatic proc- 
ess. In the case of these 11 patients the 
value of the ESR prior to the episode 
of rheumatic fever described here was 
not known. 


Summary. Three acute phase tests, 
that of the erythrocyte sedimentation 
rate (ESR), serum C-reactive protein 
(CRP), and serum mucoprotein tyro- 
sine (MPT) were carried out in a 
number of situations in which the ESR 
may not constitute valid indication of 
activity of the inflammatory process in 
rheumatic fever. 

In congestive heart failure, where 
the ESR frequently shows an anoma- 
lous return toward normal levels, the 
CRP was found to be apparently un- 
affected, as has been reported by 
others. The MPT, however, showed 
some evidence of reduction. 

During the administration of ACTH 
or cortisone at therapeutic dosage levels 
the ESR and the CRP were found to 
be sharply reduced, in confirmation of 
earlier reports. The MPT also appeared 
to be affected, although in substan- 
tially smaller degree than the other 2 
acute phase tests. 

In 2 patients with sickling trait the 
ESR was apparently depressed but the 
CRP and MPT were at substantially 
elevated levels and did not show an 
apparently increased rate of return to 
normal limits. 

In 11 children of the adolescent age 
group in whom the ESR persisted at 
a level above the normal range for a 
number of months, despite clinical 
evidence of inactivity of the rheumatic 
process, the CRP and MPT were found 
to be within the normal range, during 
a 3-month period of such elevation of 
the ESR. 
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(Interlingua on page 286) 


SUMMARIO IN INTERLINGUA 
(See page 281 for original article) 


Le Uso de Prednisona in Congestive Disfallimento Cardiac 


1. Dece-un patientes in stato de congestive insufficientia cardiac qui requireva 


un therapia de mantenentia a digitalis recipeva prednisona per via oral in doses 
de 20 e 40 mg per die. Le excretiones urinari de natrium, kalium, e 
17-cetosteroides esseva observate ante e post le administration del corticoide. 


2. Le effectos general esseva augmento del excretion de natrium e kalium, 


reduction del rendimento de 17-cetosteroides, nulle alteration significative del 
peso e del pression sanguinee, e un melioration del stato cardiac. 


3. Prednisona pote esser administrate sin risco a patientes in stato de congestive 


insufficientia cardiac. 


4. Le mechanismos possibile del action de prednisona in congestive insuffi- 


cientia cardiac es discutite. 
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ALLERGY TREATMENT IN RECURRENT NASAL POLYPOSIS: 
ITS IMPORTANCE AND VALUE 


By Georce I. BLuMstTein, M.D. 
ASSISTANT PROFESSOR OF IMMUNOLOGY 


AND 


Louis Turt, M.D. 
CLINICAL PROFESSOR OF MEDICINE 


(From the Clinic of Allergy and A ms ew Immunology, Temple University School of Medicine, 
iladelphia, Pennsylvania ) 


Curonic recurrent nasal polyposis of 
the simple or mucoid variety, though 
infrequent, nevertheless can occasion 
considerable discomfort because of its 
consequent and persistent nasal ob- 
struction. The victims of this malady 
usually first consult a rhinologist or 
are referred to him by their family 
physician. If the polyp is small, the 
rhinologist treats it by appropriate 
measures, as for example by shrinking 
or cauterization, in order to provide 
the patient with symptomatic relief. 
More often and especially if the polyp 
is large or multiple or obstructive, he 
resorts to polypectomy either in his 
office or at a hospital. This affords 
the patient prompt relief from his im- 
mediate discomfort and he continues 
on with no further instruction or ap- 
parent worry until another polyp or 
series of them form, when the cycle is 
repeated. It is little wonder, therefore, 
that such patients often have a history 
of frequent repeated polypectomies, up 
to 10 or 20 or more over a period of 
years. Since the operation is simple and 
occasions little discomfort and few 
after-effects, these patients soon learn 
that recurrent nasal blockage is an indi- 
cation to make their customary visit 
to the rhinologist to have another 
polyp removed. But, in the meantime 
usually nothing is done to determine 


_the cause for the polyp formation or to 


prevent polyp recurrence, unless the 
patient develops asthma which, as we 
will point out later, is a not infrequent 
complication. When that happens he 
consults or is referred to an allergist 
for study. 

Actually, although many theories 
were advanced to explain the reason for 
the formation of the benign mucous 
nasal polyp (and for the purposes of 
clarity, we are concerned in this paper 
only with this form) no actual basic 
cause was determined until 1933. This 
in spite of the fact that Coates and 
Ersner? in 1930 demonstrated the sim- 
ilarity of tissue histology in scrapings 
of sinuses and polyps and those from 
actively allergic tissues. Kern and 
Schenck” in 1933 in a most important 
clinical contribution showed _ fairly 
conclusively that allergy was the out- 
standing etiologic agent in benign nasal 
polyposis. They found that mucous 
polyps were much more frequent in 
allergic respiratory conditions, includ- 
ing rhinitis and asthma, than in non- 
allergic ones; furthermore, patients 
with mucous polyps invariably had a 
positive personal history of allergy and 
finally, because of the protracted na- 
ture of the condition, they considered 
bacterial hypersensitiveness as perhaps 
the most common etiologic factor. In 
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their discussion of the treatment of 
mucous polyps, these authors advocated 
the institution of allergy treatment just 
as though the patient ‘had asthma or 
vasomotor rhinitis. In subsequent 
communications in 1934' in 
1938", the same authors again empha- 
sized the importance of allergy in this 
disease. They stressed the fact that 
proper allergy treatment would afford 
far better clinical results than the old 
method of routine surgical removal and 
suggested that polypectomy be done 
only when the poly ps are obstructive. 

Despite the convincing proof of an 
allergic etiology and the emphasis up- 
on the necessity for allergy treatment 
in these patie nts, the practicing physi- 
cian and more particularly the rhinol- 
ogists have paid relatively little atten- 
tion to these publications, at least as 
judged by clinical experience with 
these patie nts as well as by a review of 
the literature upon this subject since 
the original publication of Kern and 
Schenck in 1933. Most subsequent 
writers agreed that allergy was a basic 
cause but few if any suggested allergy 
treatment either as a remedy or as a 
means of preventing recurrence. Thus 
for example, recent textbooks on oto- 
rhinology, including those of Bal- 
lenger', Boies*, Morrison"®, Lederer" 
and Thomson and Negus'* refer briefly 
in a few sentences to the part that 
allergy might play in recurrent polypo- 
sis but devote several pages to a dis- 
cussion of their surgical removal. Other 
authors, notably Hollender"’, Findlay'’ 
and Scott-Brown® attempted to con- 
trol recurrences by the postoperative 
application of radium and zinc ion 
transfer, while Dixon* advised intra- 
nasal ethmoidectomy as the method of 
choice for preventing recurrence of 
nasal polyposis. Even Eggston and 
Wolff? in their comprehensive text on 
the histopathology of lesions encoun- 
tered in otorhinology dispute the 


allergic nature of the benign mucous 
polyps. It is their feeling that the edema 
and eosinophilic infiltration could be 
explained by a periphlebitis and _peri- 
lymphangitis secondary to bacterial 
infection. Bacterial hypersensitivity is 
mentioned but is promptly dismissed 
because of the divergence of opinion 
regarding its existence in conditions of 
this type. But what these authors ap- 
parently fail to consider is that while 
the histopathology of the allergic re- 
sponse is a dynamic one without a 
pathognomonic picture, nevertheless 
certain characteristic features are 


- definitely suggestive of an allergic tis- 


sue response. These include edema, 
eosinophilic cellular infiltration and 
such changes in the connective tissue 
as loss of the homogeneous ground 
substance and fibrinoid degeneration. 
When these characteristic pathologic 
changes are coupled with clinical find- 
ings, the diagnosis of an underlying 
allergic etiology becomes more certain. 

More recently Bedral? was able to 
show that polyp fluid often contained 
antibodies in excess of the titer in the 
blood serum, indicating local produc- 
tion of antibodies within polyp tissue. 

With the advent of adrenocortico- 
trophic hormone (ACTH) and cortisone 
and their widespread use in allergic 
states, it became evident that nasal 
mucous polyps could be made to shrink 
or disappear during the administration 
of these hormones. Discontinuance of 
therapy was followed by reappearance 
of polyps in most cases (Bordley*). 
Such experiences are the rule in the 
treatment of allergic diseases with 
these agents, namely, that they manage 
to control the symptoms during the 
period of therapy but recurrences usu- 
ally follow cessation of the hormones 
and in the end an etiologic diagnosis 
is still lacking. The reversible nature 
of polyp tissue is characteristic of most 
types of allergic tissue responses and 


I 
{ 
{ 
‘ 
( 
t 
\ 
1 
( 
t 
( 
t 
( 
t 
I 
( 
d 
t 
| 
| 
( 
d 
t 
d 


Blumstein and Tuft: 


indicates that a more lasting improve- 
ment can be obtained if the underlying 
pathologic and etiologic processes can 
be identified and properly treated. 

There also has been little in the 
allergy literature as to the etiology or 
treatment of nasal polyps until Chait* 
reported on the reversibility of nasal 
polyps. They showed rather definitely 
that nasal polyps could appear prac- 
tically overnight as the result of allergic 
reaction and could disappear as quickly 
after allergy treatment. Their report is 
the only one we could find in which 
the role of allergy treatment in polypo- 
sis is mentioned. 

It is evident from both clinical 
experience and a review of the litera- 
ture that little attention has been given 
to allergy treatment as a_ preventive 
measure in recurrent nasal polyposis. 

Following the publications of Kern 
and we became con- 
vinced that since a patient with mu- 
cous nasal polyps was allergic and us- 
ually had an associated allergic rhinitis 
or asthma, or both, he should be treated 
as though he had these allergic condi- 
tions without polyps. This has been 
our practice continuously since that 
time. Our results during this period 
of 20 years have been so striking in 
comparison with the previous forms of 
treatment (especially surgical) in these 
patients that it seemed worthwhile to 
review our case records and to report 
our findings, particularly since as far 
as we could tell from a review of the 
literature no one previously has at- 
tempted to evaluate the results of al- 
lergy treatment in nasal polyposis. 

All the patients included in this re- 
port had a complete allergy study in- 
cluding history, physical examination, 
allergy tests and when necessary, diet 
trial, in an attempt to determine the 
specific etiologic factors. At the com- 
pletion of these studies, appropriate 
allergy treatment was instituted in ac- 
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cordance with the results of the diag- 
nostic studies. In a general way, this 
censisted of the elimination or avoid- 
ance of the offending allergens and 
when not possible, desensitization with 
extracts or specific allergens like house 
dust, pollens, molds or bacterial vac- 
cines. These methods are similar to 
the treatment such patients would get 
if they would have come to us because 
of a perennial allergic rhinitis or 
asthma, or both, without polyposis. 

The original study by Kern and 
Schenck!” utilized a control group of 
patients with nonallergic lower respi- 
ratory disease and compared the inci- 
dence of polyps in them to a group of 
patients with respiratory allergic dis- 
ease. Their study was controlled so well 
and their results so conclusive that it 
seemed needless for us to repeat. it. 
It was thought that a different avenue 
of approach might lead us to the same 
conclusion. Thus, if it could be shown 
that patients with nasal polyposis had 
a higher incidence of allergy in their 
past medical and family histories than 
could be found in a random sampling 
of the population, then another link 
could be added to the chain of evidence 
at hand regarding the allergic nature 
of nasal mucous polyps. 

The clinical material available for 
this study consisted of 160 patients 
who had evidence of nasal polyposis. 
In some the nasal blockage incident to 
polyp formation was their chief com- 
plaint, while in others the polyps were 
observed during routine examination 
or during the course of allergy treat- 
ment, or both. Most of these patients 
had been under our observation for 
long periods of time, the longest period 
being 17 years and the shortest being 
6 months. Since an average period 
for the entire group would have little 
significance, it was thought best to 
show the duration of follow-up for each 
patient. Table 1 will show that 35 
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patients (22%) were followed for pe- 
riods of between 5 and 10 years, while 
an additional 20 patients (12.5%) were 
observed for periods of more than 10 
years. Only 8 patients (5%) were under 
our observation for periods of less 
than one year. In the same chart, and 
for the sake of convenience at this 
point, is included the frequency of 
polypectomy in the 84 patients who re- 
quired repeated surgical procedures 
for the removal of their polyps. It 
should be mentioned that 6 of these 
patients had been treated with locally 
injected cortisone or parenterally ad- 
ministered cortisone and ACTH, or 
both, while three others had radiologic 
or radium treatments after their poly- 
pectomy. While this series is far too 
small to permit one to draw conclu- 
sions, it is our feeling that the use of 
these hormones had little effect on the 
subsequent course of the polyps and 
did little or nothing to retard their 
recurrence. In fact, several patients 
showed regrowth of polyps that re- 
quired surgical intervention while on 
topically applied cortisone and ACTH 
therapy. Insufficient clinical material 
is available for an analysis of the 
effects of postoperative radiotherapy. 
Despite the favorable reports in the 
medical literature on the efficacy of 
radium application to the stumps of 
surgically removed polyps, some radio- 
therapists (Robbins'’) remain skepti- 
cal and discourage its use in such 
conditions. 

Analysis of the historical data (Table 
2) on the 160 patients that comprised 
this report shows that the incidence 
of polyps is more frequent in the male, 
the ratio being as 3:2. There was a 
positive family history of allergy in 87 
of the 160 patients (54%). Asthma was 
present in 115 of the 160 patients, an 
incidence of 72%. In addition to this, 
49 additional patients (31%) exhibited 
some other allergic manifestation such 


September, 1957 


as hay fever, atopic dermatitis and 
urticaria. Other surgical procedures 
were performed in a sizable minority 
of this group in an attempt to control 
recurrences. Thus, 40 submucous 
resections (25%) were performed, 
while sinus surgery including ethmoi- 
dectomy and Caldwell-Luc was done 
on an additional 16 patie nts (10%). The 
incidence of asthma in 72% of our pa- 
tients and of other allergic diseases 
such as hay fever, atopic dermatitis 
and urticaria in 31% emphasizes the 
frequency with which allergic condi- 
tions coexist in the same patient as 
well as their common underlying 
mechanism and etiology. These figures 
are even more significant when one 
considers that approximately 7 to 8% 
of the population are allergic and that 
a positive family history could be ob- 
tained in not more than 10% of the 
population on random sampling. 

It will be noted that the patients are 
divided into two almost evenly num- 
bered groups, the first, consisting of 84 
patients, in whom multiple polypec- 
tomies were done; and the second, em- 
bracing 76 patients, in whom either no 
surgery or at most a single ope ration 
was done. This division was not arbi- 
trary, but the result of clinical observa- 
tions that lead us to believe that there 
were major differences in the two 
groups regarding (1) their relative ages, 
(2) the onset of asthma in relation to 
polyp formation, (3) the frequency of 
allergic manifestations other than asth- 
ma, (4) the frequency of nasal or sinus 
surgery, and finally, (5) the relative 
specificity of the e tiology as determined 
by the information gained from skin 
testing. The age incidence in each 
group is depicted in Table 3. It will 
be noted that there is a distinct ten- 
dency for the polyps to appear earlier 
in the nonrecurrent group. The age 
group showing the maximum incidence 
of polyps was the same in both divi- 
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sions, namely, the fifth decade. How- 
ever 56, or 67%, of the recurrent group 
began after the age of 40, while only 
47% of the nonrecurrent group started 
during this period. The youngest pa- 
tient was 8 years old and belonged 
to the  nonrecurrent group while 
the oldest was 67 and was in the re- 
current group. The incidence of asthma 
in the two groups is almost identical 
but the time of onset in relation to 
polyp formation is reversed. Thus 35 
of a total of 61, or 57%, of the patients 
in the recurrent group noted the onset 
of asthma after polyps had already 
been detected, while 19 of 54, or 35%, 
in the nonrecurrent group noted a 
similar relationship. Patients belong- 
ing to the recurrent group are more 
likely to develop their asthma after 
poly] ps have been detected and_re- 
peatedly removed. This is in contrast 
to the nonrecurrent group where 65% 
of the polyps were detected first in 
known asthmatics. Since the interval 
between the detection of polyps and 
the appearance of asthma may _ be 
many years, one should bear in mind 
that most patients with nasal polypo- 
sis will eventually develop asthma. The 
frequency of allergic manifestation 
other than asthma was higher in the 
nonrecurrent group (42% eompared to 
20%). Nasal and sinus surgery, except- 
ing poly pectomy, was more freque ntly 
resorted to in the recurrent group (40% 
as compared to 20%). Finally, positive 
information was obtained more fre- 
quently by skin testing in the nonrecur- 
rent group, as evidenced by the lower 
percentage of negative reactors (9% 
as compared to 29%). A negative 
reactor, as here used, is one in whom 
no evidence of allergic sensitivity to 
the usual dietary and environmental 
factors could be detected through skin 
testing, diet trial and environmental 
changes. We believe that this tends to 
bear out our clinical impression that 


patients with recurrent polyposis are 
likely to be in the older age group, 
dev elop their asthma, for the most part, 
after polyps have already been de- 
tected, have a lower incidence of other 
allergic manifestations, require more 
frequent surgical intervention and pos- 
sess a higher incidence of nonspecific 
etiologic factors than in the nonrecur- 
rent group. 


TABLE 3.—FREQUENCY OF POLYPS 
IN VARIOUS AGE GROUPS 


Among Patients Requiring 


Single Multiple 
Operation Operations 
Ages (76) (84) 
1-10 l 0 
11-20 8 2 
21-30 15 10 
31-40 15 16 
41-50 20 $1 
51-60 15 20 
61-70 1 5 
40 (or 53°,) 56 (or 67°, ) 
began before began after 
age 40 age 40 


Youngest 8 Youngest 17 
Oldest 61 Oldest 


Our initial trials with allergy treat- 
ment were far from satisfactory for we 
relied solely upon the treatment of the 
allergic factors by elimination of aller- 
gens from the diet and environment 
and by specific desensitization with the 
irremovable ones. Little or no attention 
was paid to the control of residual 
symptoms by therapeutic remedies al- 
though such practices were the rule 
in the treatment of hay fever and asthma. 
Our early efforts were further hindered 
by our inability to control repeated up- 
per respiratory infections to which 
such patients were prone. With the 
advent of the antibiotic era and our 
ability to control infections and with 
more careful attention to the thera- 
peutics of this condition, increasingly 
good results have been obtained in 
patients with mucous nasal polyps. 
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In reviewing our case histories, it 
was evident that insofar as specific 
etiologic factors were concerned, at 
least as judged from the patient's clin- 
ical history and skin test findings, pa- 
tients with polyps could be divided 
roughly into two groups: (1) a sensi- 
five group numbering 128 which in- 
cluded those individuals with clear- 
cut evidence of allergic sensitization 
as indicated by history and_ positive 
skin tests to allergenic agents which 
were clinically significant, and (2) a 
nonsensitive group numbering 32 em- 
bracing those patients with no clinical 
evidence of allergy as determined by 
history, skin tests, and clinical trials. 
It is not to be inferred that in the first 
group the allergenic agent uncovered 
was the primary or sole factor involved 
in the production or aggravation of 
nasal mucous polyps. It merely indi- 
cates that allergic sensitization was 
unrecognized but nevertheless a factor, 
which, if neglected, tended to perpetu- 
ate clinical symptoms produce 
poor end results. One might argue that 
the allergic sensitization referred to the 
associated nasal or bronchial allergy 
and bore no relation to the polyposis. 
This is a common clinical error, for we 
have found that polyps frequently 
served as an excellent guide for the 
presence of allergic activity. It often 
has been observed that enlargement or 
reappearances of polyps presages a 
worsening of the allergic state. It is 
not uncommon to note enlargement or 
increased polyposis immediately before 
a severe bout of allergic coryza, hay 
fever or asthma. The reverse is like- 
wise true, namely, that a polyp condi- 
tion can be aggravated by allergic 
sensitization that primarily affects the 
underlying asthma. The question as to 
whether the underlying allergic dis- 
ease or the polyposis is primary seems 
didactic, for the two are so intimately 
related that a good clinical result can- 
not be had without controlling both. 
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Before the introduction of antihista- 
mines, cortisone and _ adrenocortico- 
trophin (ACTH), symptoms were con- 
trolled primarily with drugs of 
the sympathomimetic series. At first 
they were used topically but it soon 
became evident that treatment by this 
method was ineffectual. There followed 
a long period during which ephedrine 
was used orally, usually in combination 
with phenobarbital and belladonna. 
This type of therapy was used contin- 
uously in some of our patients for pe- 
riods up to 10 years, the average 
frequency being 2 to 3 times a day. 
Later on, the addition of an antihista- 
mine to this combination seemed to 
increase its efficacy. The antihistamine 
more effectively controlled the rhinor- 
rhea while the sympathomimetic drugs 
seemed most effective in controlling 
allergic edema, regardless of its loca- 
tion in the upper or lower portion of 
the respiratory tract. 

As previously noted by Kern and 
Schenck!'®'', infection was a frequent 
complication and if uncontrolled 
seemed to favor the regrowth of polyps. 
Prior to the antibiotic era, control of 
sinus infections was effected by pro- 
moting adequate ventilation and drain- 
age through local treatment. Stock or 
autogenous vaccines, or both, were 
also used frequently. As antibiotic 
agents became available they were 
added to our routine where indicated. 
In this respect then, the treatment is 
in no way different from the treatment 
of any other type of allergy, that is, 
studies and treatment are directed to- 
wards the identification and elimina- 
tion of sensitive factors, residual 
symptoms are controlled with appro- 
priate drug therapy and complicating 
conditions like infections are treated 
by accepted rhinologic methods plus 
antibiotics. We feel that the addition 
of each of these treatment methods 
has improved our ability to control 


polyp regrowth and been responsible 


276 The American Journal of the Medical Sciences * September, 1957 


for the high percentage of satisfactory 


end results in this series. 

One might contend that some of the 
favorable statistics were due to opera- 
tions that were delayed because of ad- 
herence to a more rigid set of indica- 
tions (for polypectomy ) than ordinarily 
is used by most rhinologists. Indications 
for removal of mucous nasal polyps 
vary considerably among specialists as 
well as among different members with- 
in the same field. In fact, no clear-cut 
set of standards could be found for 
this operation. To some rhinologists the 
mere presence of polyps seemed to be 
the indication for a polypectomy. 
Others demand the existence of symp- 
toms before removing the polyps. 
Those with more experience tried to 
determine the reversibility of the 
polyps and would operate only after an 
adequate trial had convinced them of 
the futility of further medical treat- 
ment. Within this group were some 
who spoke of fibrosis of polyp tissue 
as one of the reasons for operative 
intervention. Many of the polyps re- 
moved were examined histologically. 
Two instances were encountered where 
the possibility of a malignancy of the 
paranasal sinuses oxhied. so that the 
removed tissue possessed a hard, firm 
consistency commensurate with such 
a diagnosis. Yet on examination there 
was only widespread edema and no 
evidence of fibrosis within the polyp 
tissue. Neither was the cellular infiltrate 
sufficient to endow it with qualities 
that made it difficult to distinguish 
from a tumor mass. A few rhinologists 
refused to remove polyps until an al- 
lergy study had been completed and 
treatment resulting therefrom had 
been given a fair trial. 

The indication for polypectomy in 
this series was unremitting nasal block- 
age that failed to respond to allergy 
management as previously outlined. To 
arrive at such a conclusion it became 


necessary to observe patients carefully 
and repeatedly during such periods in 
order to determine the underlying 
cause, and chart its clinical course ‘and 
probable duration. Many patients have 
been carried through trying periods 
with complete assurance that the con- 
dition would revert to normal, once the 
situation or infection was resolved. 
Without this ability to envision the 
cause and its ultimate solution, many 
patients would have been subjected to 
what we consider unnecessary surgery. 
The advisability of operation should 
be discussed with the patient. Most 
patients who have repeated 
polypectomie s are most cooperative in 
this respect and are usually willing to 
withstand the nasal discomfort until 
the etiologic factor becomes control- 
lable. We have not hesitated to use 
orally administered cortisone or its 
derivatives for limited periods of time 
to tide such patients over trying pe- 
riods and afford them symptomatic 
relief. 

The type of operative procedure has 
become more simplified with the pas- 
sage of time. At one time it was cus- 
tomary to subject patients with re- 
current polyps to ethmoidectomies and 
sphenoidectomies in the hope that the 
removal of the cells from which the 
polyps most frequently arose would 
prevent their return. Experience has 
shown that there is no correlation be- 
tween the rate of polyp recurrence and 
the extent of surgical procedures, so 
that the operation of choice in most 
cases is a simple polypectomy. 

The effectiveness of allergy manage- 
ment could be judged only in those in- 
stances where the recurrence rate and 
rhythm had been established. To de- 
termine this, we analyzed the results of 
the 84 patients who had more than 
one operative procedure for the treat- 
ment of their polyp condition. Seven 
patients who refused treatment or for 
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Blumstein and Tuft: ALLERGY 
whom an adequate follow-up was lack- 
ing were omitted from this analysis, 
leaving a total of 77. The results of 
allergy treatment in this group is ab- 
stracted in Table 4. Thirty-six, or 46.8%, 
who had been followed for an average 
of 4.3 years had no recurrences. The 
remainder had recurrences. Of a group 
of 32 patients that had been followed 
for a period of 5.0 years there were 


TABLE 4.—RESULTS OF ALLERGY 
TREATMENT IN 84 PATIENTS WITH 
RECURRENT POLYPS 


eliminated for inadequate treatment or 
follow-up 

36 patients followed for an average of 4.3 

years had no further recurrences 

9 patients followed for an average of 7.0 
years required repeated polypectomies 
while under ‘allergy treatment and must 
be considered as treatment failures 


32 patients followed for an average of 5.0 
years required additional polypectomies; 
18 of these required only a single opera- 
tive procedure. 


many who required but a single poly- 
pectomy. The results in this ¢ group were 
analyzed in greater detail, since opera- 
tive ‘procedures often were delayed to 
see if medical management would not 
be followed by a regression of polyp 
tissue especially in patients seen for 
the first time. It would be improper to 
say that allergy treatment failed in such 
cases, when in 
may have existed at the initial visit. 
To ascertain the value of treatment in 
this group it was decided to compare 
the rate of recurrence posttreatment 
with the pretreatment rate. Table 5 
will show the effect of treatment as 
determined by the intervals between 
polypectomies before and after treat- 
ment. Seventeen patients had longer 
intervals after the institution of treat- 
ment, while the other 15 had rates of 
recurrence that were equal to or greater 
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than the pretreatment level. It must 
be assumed that these 15 patients while 
not completely controlled were par- 
tially bene fited by allergy treatment. 
There remains, then, a group of 24 pa- 
tients (31.2%) who were not benefited. 
Many in this latter group also had been 
subjected to more radical types of sinus 
surgery and had radium or radiologic 
treatments postoperatively. This merely 
demonstrates the inadequacy of all 
forms of treatment in those instances 
where the underlying allergic factor 

‘cannot be identified or controlled. Our 
inability completely to control polyp 
recurrences in all patients is not an 
indictment against the method of treat- 
ment but merely an indication of the 
complexity of the factors influencing 
allergic responses and of the difficulty 
encountered in trying to eliminate or 
avoid them. 

Discussion. The treatment of recur- 
rent nasal polyps has always presented 
a challenge to the atte nding physician 
regardless of his special field of inter- 
est. It has become increasingly clear 
during the past two decades that the 
underlying mechanism responsible for 
their production is an allergic tissue re- 
sponse. The literature prev viously cited 
has stressed these facts. It would ap- 
pear that the literature should contain 
ample reports citing the beneficial ef- 
fects of allergy treatment and yet such 
is not the case. The paucity ‘of such 
reports possibly can be attributed 
either to one’s inability to collect a 
sufficiently large series to make the re- 
sults statistically valid or to the neces- 
sity of relatively long periods of 
follow-up. 

Several interesting facts have been 
uncovered by this study. The first is the 
relatively high incidence of asthma 
(72%) in patients w ith nasal mucous 
polyps. Earlier in this study it was felt 
that only a small percentage of the 
entire group would eventuate as 
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asthmatics. With increasingly longer 
periods of observation it became 
clear that the majority of polyp 
patients have been or are asthmatic. It 
is our present feeling that if these pa- 
tients could be followed for an indefi- 
nite period of time, almost all would 


patients we termed “sensitive” because 
they had allergies which were specific 
and etiologically determinable. Evalu- 
ation of the success of allergy treat- 
ment in patients with polyposis was 


not always easy. As previously indi-. 


cated, in patients with single polyps 


TABLE 5.— ANALYSIS OF 82 PATIENTS WHERE ALLERGY TREATMENT: 
FAILED TO PREVENT RECURRENCES 


‘Intervals between Polypectomy 


Before Allergy After Allergy 


Treatment Treatment 
| 15 months 24 months 
; 20 months years 
Operations within one year and subsequent 
1 year 2 years 
1 vear 1+ vears* 
6-12 months 2 years 
4-vears 6 years 
3 months 13) months 
1 year 11 years 
18 months 18+ months* 
Intervals between operations lengthened 1 year 6 years 
Partially successful (12) 3 years $+ years 
vear 2} years 
1 year 1+ year* 
1 year 4 years 
3 months 3 years 
6 months vears 
18 months 12 months 
Intervals between operations either shortened 10 years 8 -vears 
or unaltered 6 months 5 months 
18 months 12. months 
10 years 8 years 
6 months 5 months 
10 years l year 
11 vears 2 years 
5 years 2) years 
Failures (15) 4+ years years 
4 years year 
6 years years 
8 years 1} years 
3 years 7 months 
1 year 8 months 
1 year 9 months 
6 years 9 months 
3 years 1 year 


* Free of polyps at termination of period of observation. 


manifest asthma at one time or another. 
All polyp patients, therefore, are po- 
tential asthmatics. This is something 
which the internist or rhinologist 
should constantly bear in mind when- 
ever they encounter such patients. 
Our best results from allergy treat- 
ment were obtained in the group of 


one could not always be sure that such 
polyps would not disappear sponta- 
neously. In patients with recurrent or 
multiple polyps, the effect of treatment 
was determined by a reduction in the 
recurrence rate and a lessened neces- 
sity for polypectomy. Our percentage 
of good results could have been ma- 
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terially increased if we had_ utilized 
the entire series as a basis for our sta- 
tistics. We feel that the restrictions 
used in this series give a better indi- 
cation of the end results and suggest 
that other investigators attempt to 
evaluate their results on polyp patients 
with the same criteria as used here. 
Our poorest results were obtained 
in a group labelled “nonsensitive,” 
those with negative skin reactions and 
no determinable specific etiology. De- 
spite the fact that these patients were 
treated empirically as though they had 
specific sensitivities and like the pa- 
tients in the sensitive group, the -re- 
sults still were poor. Such patients 
failed to respond, not only to allergy 
treatment but also to all other forms of 
therapy including Roentgen-ray and 
radium application, zinc ion transfer 
and radical sinus surgery. It is in this 
group of patients that we meet so large 
a proportion of our chronic, intractable 
asthmatics. It would also appear that 
there is a direct relationship between 
our ability to control the regrowth of 
polyps and the sev eritv of the accom- 
panying asthma. The ‘asthma was_ in- 
variably milder in patients where polyp 
regrowth could be controlled. Experi- 
ence has taught us that the state of the 
polyp tissue is an excellent indicator of 
allergic activity and we were often 
alerted to the imminence of such 
danger by objective examination in suf- 
Gcient time to avoid annoying and dis- 
tressing symptoms by instituting more 
intensive treatment. At the same time 
we would continue our search for the 
offending agent. Just what it is in these 
patients which causes the nasal muco- 
sal tissue to keep growing new polyps 


despite all attempts to prevent it, is 
still an unsolved puzzle. 

Another interesting finding was the 
high incidence of aspirin allergy en- 
countered in this series of patients. A 
total of 20 patients (12.5%) were 
aspirin-sensitive. 

Conclusion. A group of 160 patients 
with mucous nasal polyps have been 
observed over long periods of time 
while receiving allergy treatment with 
the following results: 

1. Seventy-two per cent of the entire 
group had asthma, indicating that most 
polyp patients are potential asthmatics. 

2. This group could be subdivided 
into those that required not more than 
a single polypectomy (76 patients ) 
and those that required multiple surgi- 
cal procedures (84 patients). Since re- 
missions were often spontaneous in the 
former, it was decided to judge the 
efficacy of allergy treatment on the 
latter group where the rate of recur- 
rence was established. 

3. Allergy treatment prevented re- 
currence in 46.8% of this latter group. 

4. An additional 21% were partially 
benefited, as judged by the lengthened 
interval between polypectomies. 

5. A group of 24 patients (31% of the 
recurrent group) failed to respond to 
allergy treatment, either alone or com- 
bined with other forms of therapy. In 
this group were many intractable 
asthmatics. 

6. Twenty patients (12.5% of the en- 
tire series ) were aspirin-sensitive. 

7. Best results were obtained in the 
so-called “sensitive” group where 
specific allergies were identifiable and 
controllable. 
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SUMMARIO IN INTERLINGUA 


Tractamento Allergologic de Recurrente Polyposis Nasal: Su Importantia 
e Su Valor 


Un gruppo de 160 patientes con nasal polypos mucose esseva observate durante 
longe periodos de tempore durante que illes esseva tractate allergologicamente. 
Le resultatos esseva le sequente: 

1. Septanta-duo pro cento del gruppo integre habeva asthma. Isto indica que 
le majoritate del patientes con polypos es asthmaticos potential. 

2. Le gruppo poteva esser subdividite in (a) patientes qui non requireva plus 
que un sol polypectomia (76 casos) e (b) patientes qui requireva multiple inter- 
ventiones chirurgic (84 casos). Proque remissiones spontanee esseva frequente 
in le prime de iste subgruppos, le efficacia del tractamento allergologic esseva 
judicate super le base del secunde subgruppo in que le incidentia de recurrentias 
esseva establite. 

3. Le tractamento allergologic preveniva recurrentias in 46,8% del casos in le 
secunde subgruppo. 

4. Un numero additional de casos, amontante a 21%, beneficiava partialmente, a 
judicar per le augmentate intervallos inter le polypectomias. 

5. Vinti-quatro patientes del gruppo a recurrentias (31%) non respondeva al 
tractamento allergologic, sol o in combination con altere formas de therapia. Iste 
gruppo de patientes includeva multe asthmaticos intractabile. 

6. Vinti patientes (12,5% del serie total) esseva aspirino-sensibile. 

7. Le melior resultatos esseva obtenite in le gruppo appellate “sensibile,” 
in que specific allergias poteva esser identificate e regulate. 
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WuiLe advances in medicine, char- 
acterized by the use of newer thera- 
peutic agents, have at times resolved 
or partially solved certain difficult 
clinical problems confronting the phy- 
sician, occasionally the use of such 
drugs has raised the index of iatrogenic 
disease. Thus, the introduction and 
widespread use of the adrenal corti- 
coids, although heralded with great 
acclaim, soon gave rise to misgivings 
when some of the undesirable effects 
of these steroids upon electrolyte and 
water metabolism became more widely 
appreciated, Nevertheless, the use of 
the adrenal cortical steroids as potent 
therapeutic agents is still pre-eminent 
since these drugs may achieve symp- 
tomatic relief far above that attained 
with other available medicaments. 
Hence, it is necessary at times to pre- 
scribe these steroids to patients with 
congestive heart failure, compensated 
or uncompensated. Their use where 
indicated in such cases may be con- 
sidered as a calculated risk and be 
employed with trepidation because of 
the oftimes demonstrated retention of 
odium and water, associated with ex- 
cretion of potassium that these drugs 
nay achieve. The retention of sodium 


and water may play a significant role 
im accentuating the degree of decom- 
pensation. In addition, enhanced ex- 
cretion of potassium conceivably could 
induce alteration in the responsiveness 
of the cardiac muscle to digitalis and 
thereby further compromise the effi- 
ciency of the already failing myo- 
cardium. 

Opposition to the use of corticoids 
in the cardiac patient appears to be 
well grounded when possible retention 
of sodium or fluid, or both, is immi- 
nent. This point of view is embodied in 
the widely held opinion that estab- 
lished cardiac failure, except in acute 
rheumatic carditis, is a definite contra- 
indication to the use of the corticoids. 
On the other hand, Schemm and his 
co-workers have demonstrated that ex- 
cessive edema in patients with conges- 
tive heart failure and nephrosis may 
actually be an indication for cortico- 
tropin and corticoids, especially when 
there is resistance to the usual thera- 
peutic regimen (Camara and Schemm‘*, 
and Heidorn and Schemm!’). In view 
of the purported differences in effect 
between the delta-1 derivative of hy- 
drocortisone and cortisone and the 
parent compounds with reference to 
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sodium excretion (Bunim, Pecher and 
Boller®), a study of the action of 
prednisone upon sodium, potassium, 
and water excretion in patients with 
congestive heart failure treated with 
digitalis was instituted. 


Methods. Eleven patients with varying de- 
grees of congestive heart failure. due to 
diverse etiologies. were studied. Eight) sub- 
jects were mi: iintained in compensation by a 
daily dose of a digitalis product. The re- 
maining three required, in addition, periodic 
parenteral mercurial diuretics. The course of 
their heart disease in these patients had been 
well documented for many months to mi ny 
vears and any change in status was likely to 
be readily — and appreciated. No 
attempt was made any time during the 
period of study to Pee Gad diet, fluid intake 
or daily activities. 

The initial baseline examination consisted 
of inquiry into symptoms and physical find- 
ings of congestive heart failure, weight, blood 
pressure, and 24-hour urinary excretion of 
sodium, potassium, and 17-ketosteroids. Fol- 
lowing this control period of observation, 

each patient was then placed on 5 mg. of 
prednisone® orally four times per day for one 
week, at the end of which time the above 
battery of tests was repeated. The dose of 
prednisone was then increased to 10 mg. 
four times daily, and the above observations 
were repeated again after one week of ther- 
apy with this dose. 


Results. It will be noted from a peru- 
sal of the data in Table 1 that the 
effect of prednisone on the status of 
congestive heart failure in these 11 sub- 
jects was almost entirely favorable. 
Five patients reported a decrease in 
dyspnea, three of whom also showed a 
loss of weight, one a gain, and one 
remained unchanged. Five individuals 
who were well compensated exhibited 
no untoward alteration in their cardiac 
status, the weight remaining constant 
in 3 and decreasing in 2 of this group. 
In only one patient was there a ques- 
tionable increase in exertional dyspnea, 


associated with a gain in weight, but” 


The American Journal of the Medical Sciences + 


September, 1957 


accompanied by a marked increase in 
appetite. 

The over-all effects of prednisone 
upon body weight, 24-hour urinary ex- 
cretions of 17-ketosteroids, sodium and 
potassium in these 11 patients will be 
found in Fig. 1. The administration of 
prednisone produced a decrease in the 
17-ketosteroid excretion in 8 individuals 
and had no effect or produced variable 
responses in three. The depression of 
the ketosteroid excretion may be con- 
sidered as evidence of the suppression 
of endogenous ACTH secretion with 
secondary adrenal de »pression. 

Prednisone caused an increase in 
the 24-hour urinary excretion of so- 
dium in 7 subjects, a decrease in 2 
and no changes or a variable r response 
in 2. The effect upon the 24-hour uri- 
nary excretion of pot issium was essen- 
tially similar to that of sodium. Blood 
pressure readings were unaffected by 
prednisone in 7 instances, decreased 
in 2, and variable in 1. In one patient 
there was a rise in the systolic pressure. 

Discussion. Numerous references are 
now existent in the recent medical lit- 
erature attesting to the safety and even 
therapeutic efficacy of prednisone ad- 
ministration in edematous patients. 
There are also many allusions to the 
dehydrating activity of this particular 
adrenal corticoid analogue as opposed 
to the hydremic propensity of cortisone 
and hydrocortisone. Barach and _ his 
group in their studies on prednisone 
in respiratory diseases ( Barach, Bicker- 
man and Beck!:*) observed this mobil- 
ization and excretion of extracellular 
fluid, as evidenced by significant weight 
loss in 5 of 30 patients with bronchial 
asthma and 12 of 50 individuals with 
pulmonary fibrosis and emphysema. 

Cattan and Vesin’ in Paris treated 
4 patients with anasarca, each due to a 
different etiology, with prednisone and 


* Appre ciation is expressed to Dr. J. Black of the Division of Clinical Research, of the 
Schering Corporation for the generous supplies of prednisone (Meticorten) used in this study. 


End of Second Week 


Find of First Week 


24-hour Excretion 


Baseline Determinations 


10 mg. q.i.d. 
24-hour Excretion 


5 mg. 


24-hour Excretion 
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observed marked diureses. They con- 
sidered edema resistant to standard 
measures as the principal indication 
for such therapy. Riemer’ reported 
in 1956 on the dramatically successful 
employment of prednisone in a 34- 
year-old man_ presenting refractory 
cardiac edema with a resultant marked 
increase in urinary output, restoration 
of response to mercurial therapy and 


water (Boland', Demartini et al.*, 
Page and Lavender’, Scalabrino and 
Curtarelli!®, and Schwartz'®). 

Our study involving these 11 pa- 
tients has tended to confirm the find- 
ings of these previously discussed 
papers, although our primary purpose 
was not that of evaluating the use of 
this particular steroid analogue as a 
therapeutic agent for congestive heart 


THE EFFECT OF PREDNISONE UPON |? KETOSTEROID 
SODIUM AND POTASSIUM EXCRETION AND BODY WEIGHT 
IN CONGESTIVE HEART FAILURE 


KETOSTEROID SODIUM 


POTASSIUM BODY WEIGHT 


bs 
Zn 
= ‘THe 
A Se 
(| 
| Z 
| g 
| 
rA | 
| 


controu 


5 MG PREDNISONE 
Q'10-7 DAYS 


& 10 MG PREDNISONE 
Q10-7 DAYS 


Fig. 1.—The dosage of prednisone sufficient to depress 17-ketosteroid excretion was accom- 

panied by an elevated 24-hour urinary excretion of sodium and potassium without change in 

body weight. Little difference is to be noted between total dosage of 20 and 40 mg. daily 
given orally. 


significant diminution in congestive 
phenomena. 

Bickel? also reported marked diuresis 
and restoration of mercurial responsive- 
ness induced by 25 to 30 mg. of pred- 
nisone per diem in 2 cardiac patients, 
resistant to the usual therapy and far 
advanced in the course of their heart 
diseases. In addition, there are numer- 
ous other reports supporting the thera- 
peutic effectiveness of prednisone in 
aiding the excretion of sodium and 


failure. Certainly, prednisone can be 
utilized without hesitation for any de- 
sired therapeutic end in patients who 
also present the syndrome of dimin 
ished myocardial efficiency. In addi 
tion, it may be employed to alleviate: 
massive cardiac edema, especiall\ 
when the response to mercurial anc 
other diuretics has been lost. The on« 
discrepancy in our findings in contras‘ 
to previous studies has been the in 
creased excretion of potassium in addi 
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tion to the reported increased sodium 
and water loss. 

The mechanism of the beneficial ac- 
tion of prednisone in congestive heart 
failure has only been speculated upon 
and not proven. The several pharmaco- 
logic explanations which have been 
set forth are: (1) antagonism to the 
antidiuretic hormone of the posterior 
pituitary gland; (2) antagonism to the 
adrenal cortical output of the electro- 
lyte retaining steroid, aldosterone; (3) 
improvement of myocardial function 
due to the mobilization of glucose for 
energy (Goodman and Gilman®); (4) 
a direct renal effect upon the excretion 
of water and sodium, possibly related 
to an increased glomerular filtration 
rate; and (5) a group of less delineated 
actions, such as corticogenic hypothy- 
roidism with its resultant decreased 
work load upon the heart; increased 
appetite and feelings of well-being; 
increased pulmonary ventilatory ca- 
pacity and erythropoietic stimulation 
with its subsequent correction of any 
existent anemia. 

The most attractive theory seems to 
be the proposition of the counteraction 
of aldosterone production. It is an ac- 
cepted fact that aldosterone reduces 
sodium and increases potassium output 
and may induce hypervolemia by a 
direct effect on water metabolism. It 
has been reported that the excretion 
of aldosterone is enhanced in patients 
with congestive heart failure and 
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employed low sodium diet (Leutscher 
and Curtis'*). We tend to agree with 
Laragh" in that significant edema will 
not occur unless increased secretion of 
aldosterone occurs from the adrenal 
cortex or decreased degradation of the 
steroid occurs. The latter may result 
theoretically because of impaired hor- 
mone metabolism in the congested 
liver, increased stimulus for aldoster- 
one secretion achieved by a rise in 
serum potassium, a low sodium diet 
or relative dehydration. Because of such 
potential hormone imbalance in con- 
gestive heart failure, it is conceivable 
that extrinsic prednisone may tend to 
correct this intrinsic milieu and there- 
by benefit these patients. 

Summary. |. Eleven patients in con- 
gestive heart failure requiring mainte- 
nance digitalis therapy were given 
prednisone orally in doses of 20 and 
40 mg. daily. The urinary excretions of 
sodium, potassium, and 17-ketosteroids 
were observed before and after corti- 
coid administration. 

2. The over-all effects were those of 
increased sodium and potassium excre- 
tion, decreased 17-ketosteroid output, 
essentially no change in weight and 
blood pressure and an amelioration of 
the cardiac status. 

3. Prednisone may safely be admin- 
istered to patients in congestive heart 
failure. 

4. The possible mechanisms of action 
of prednisone in congestive heart fail- 


further increased by the widely ure are discussed. 
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(Interlingua on page 268) 


SUMMARIO IN INTERLINGUA 
(See page 259 for original article ) 


Valores Paradoxe de Sedimentation Erythrocytic in Febre Rheumatic: 
Comparation de Tres Tests a Phase Acute 


Tres tests a phase acute, le test del sedimentation de erythrocytos, le test de 
proteina C-reactive in le sero, e le test de tyrosina mucoproteinic del sero, 
esseva executate in varie situationes in que le test del sedimentation erythrocytic 
representa possibilemente nulle indication valide del activitate del processo 
inflammatori in febre rheumatic. 

In congestive disfallimento cardiac, in que le sedimentation erythrocytic 
monstra frequentemente le anomalia de un retorno a nivellos normal, il esseva 
trovate, de accordo con le reporto de altere autores, que le test del proteina 
C-reactive esseva apparentemente non afficite. Tamen, le test de tyrosina 
monstrava signos de reduction. 

Durante le administration de ACTH 0 cortisona in doses therapeutic, le test del 
sedimentation erythrocytic e le test de proteina C-reactive produceva, de accordo 
con previe reportos, valores multo reducite. Le test de tyrosina pareva etiam 
afficite, ben que a grados significativemente minus pronunciate que le altere 
2 tests. 

In 2 patientes con tracto falciforme, le test del sedimentation erythrocytic 
esseva apparentemente deprimite, sed le valores de proteina C-reactive e de 
tyrosina esseva marcatemente elevate e monstrava nulle apparente acceleration 
del retorno a limites normal. 

In 11 juveniles del gruppo de etate adolescente in qui le sedimentation erythro- 
cytic remaneva accelerate supra le limites del norma durante plure menses in 
despecto del evidentia clinic de inactivitate del processo rheumatic, il esseva 
trovate que le proteina C-reactive e le tyrosina habeva valores intra le limites 
normal durante le 3 menses que durava le acceleration del sedimentation 


erythrocytic. 
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INTERSTITIAL CALCINOSIS* 


By F. WitttamM SUNDERMAN, Jr., M.D. 


AND 


(From the Division of Metabolic Research, jefferson Medical College, 
Philadelphia, Pennsylvania ) 


THe syndrome of interstitial calcino- 
sis was first mentioned by Weber®® in 
1878, but was not widely recognized 
until 1910, when the comprehensive 
studies of Thibierge and Weissenbach** 
in France, and of Krause and Trappe*® 
in Germany focused attention upon it. 
Interstitial ‘calcinosis has been the sub- 
ject of a number of clinical reports 
( Lebel and Madsen**, Moran**, Naville 
and Martin®*, Peters, Horn and Green- 
man°**, Plitman and Gendel®’, Rosen- 
berg®*, Sheldon and Sheldon®’, 
Thomas™, Weidman and_ Schaffer*®, 
and Woolf) and reviews (Atkinson 
and Weber?, Clark'®, Conner'’, Lutz®’, 
McLean®™, Rothstein) and Welt®, 
Steinitz’?, Swanson, Forster and lob’, 
Thomson and Tanner™, and Weissen- 
bach, Basch and Basch*!) and the 
clinical characteristics of the disease 
have been amply delineated. The 
pathogenesis of interstitial calcinosis, 
however, has remained a_ subject of 
controversy. 

Interstitial calcinosis is a metabolic 
disorder characterized by the deposi- 
tion of calcium phosphate in the skin 
and subcutaneous tissues, in the pres- 
cace of normal concentrations of serum 
calcium and inorganic phosphorus, and 
without demonstrable disturbance of 
parathyroid function. It is readily dif- 
{-rentiated from the dystrophic caleifi- 
cations that follow focal necrosis or 
parasitic infestation ( Barr’, Cole'®, and 


Comroe, Chamberlin and Sunderman!’) 
and from the so-called “metastatic 
calcifications” observed in conditions 
such as renal insufficiency, vita- 
min D intoxication, and the milk-alkali 
syndrome (Burnett et al.'*, Kessler*, 
and Poppel and Zeitel®'). The focal 
deposits in interstitial calcinosis are 
usually located in the subcutaneous 
tissues, ligaments, tendons, fascias, and 
nerve sheaths. It is noteworthy that 
visceral calcifications are not commonly 
found. The deposits are usually sur- 
rounded by areas of fibrosis with mini- 
mal inflammation (Barr*, Ingram*, 
Wheeler et al.®*). 

Two clinical varieties of interstitial 
calcinosis have been customarily de- 
scribed: calcinosis circumscripta and 
calcinosis universalis. Both clinical and 


_ biochemical evidence suggests that 


these two appellations serve merely to 
distinguish degrees of severity, and that 
the same pathogenesis applies to both. 

Case Reports. Two patients with ex- 
tensive interstitial calcinosis have been 
studied recently. The first patient 
(C.R.) was a 33-year-old woman who 
had suffered from extensive calcifica- 
tions for 5 years. The calcified nodules 
were located in the dense connective 
tissues surrounding the knees, ankles, 
elbows and fingers. Vasomotor reac- 
tions of the Raynaud type were elicited 
by immersing the hands in cool water. 
Renal function studies were normal, 


°*Supported in part by contract with the Atomic Energy Commission. 
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and measurements of the concentra- 
tions of serum calcium, phosphorus and 
alkaline phosphatase were repeatedly 
within the normal range of values. 
Roentgenographic studies revealed 
multiple calcified nodules around pe- 
ripheral joints (Fig. 1), but there was 
no evidence of visceral calcification 
and the osseous structures were nor- 
mal. Histologic sections of biopsy ma- 


tissues of her forearms and legs, and 
trophic ulcers were present on the ends 
of her digits. A Raynaud’s phenomenon 
could be readily elicited. Renal func- 
tion tests and measurements -of the 
concentrations of serum calcium, inor- 
gani¢ phosphorus and alkaline phos- 
phatase were within the normal range 
of values. Roentgenograms revealed 
extensive interstitial calcification in the 


Fig. 1—Roentgenogram of knee of patient C.R., illustrating nodular interstitial calcifications. 


terial (Fig. 2) demonstrated focal 
interstitial calcification within dense 
fibrous tissue with evidence of only 
minimal inflammatory reaction. 

The second patient (O.O.), a 60- 
year-old woman, had likewise suffered 
from widespread interstitial calcifica- 
tions for many years. In addition she 
complained of tightness of the skin of 
the hands and increased sensitivity to 
cold. Diffuse granular calcifications 
could be palpated in the subcutaneous 


subcutaneous tissues of the arms and 
legs (Fig. 3). Biopsy demonstrated 
multiple focal deposits of calcium salts 
in dense subcutaneous connective 
tissues surrounded by areas of fibrosis 
(Fig. 4). 

Neither of our patients had ingested 
alkali, vitamins, or milk excessively 
The observation that both of thes« 
patients exhibited vasomotor disturb. 
ances is consistent with the usual find 
ing that about one-third of patient: 
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'g- 3.—Roentgenogram of leg of patient O.0., illustrating diffuse interstitial calcifications. 
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g Photomic rograph of calcium deposit removed from knee of patient C.R. 
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with interstitial calcinosis give some 
evidence of having either scleroderma 
or Raynaud's disease (Briggs and 
Illingworth’, Brody and_ Bellin’ 
Cole'®, Comroe, Chamberlin and 
Sunderman", Douglas and Randel** 
Dowling**, Durham‘, and Ingram**). 

METABOLIC sTuDIES. Measurements of 
calcium balance were undertaken on 
the first patient following a plan which 
we have described in previous studies 


for one week to permit adjustment, col- 
lections of food and excreta were be- 
gun. The metabolic study was divided 
into three periods of 3 days each, dur- 
ing which time duplicate trays were 
prepared for each meal. After the pa- 
tient had eaten her meal from one tray, 
corresponding portions from the second 
tray were collected and homogenized. 
The collections of food, urine and feces, 
respectively, were each pooled for 3- 


Fig. 4.—Photomicrograph of calcium deposit removed from leg of patient O.O. 


(Frost, Sunderman and Leopold*', and 
Rose, Perloff and Sunderman*). The 
patient was ambulatory throughout the 
entire period of observation and was 
an exceptionally cooperative subject. 
The intake of calcium was restricted 
by use of a modified Bauer-Aub diet 
(Bauer and Aub*, and Rose et al.**) 
which yielded on analysis an average 
of 145 mg. of calcium per day. This 
diet provides approximately 1440 cal- 
ories, as well as adequate supplies of 
phosphorus and protein (Rose, Perloff 
and Sunderman"). After the patient 
had been maintained on this regimen 


day periods and then dried to constant 
weight. Measurements of calcium in 
food, urine and feces were made by 
the method of Shohl and Pedley®* 
The balance data for each of the 3- 
day periods are presented graphically 
on Fig. 5. It will be seen that negative 
calcium balance was observed during 
each of the 3-day periods. The calcium 
intake averaged 145 mg. ad day, and 
calcium output aver raged 2 275 mg. per 
day, of which 81 mg. (30%) was ex- 
creted in the urine, and 194 mg. (70%) 
appeared in the stool. Thus, on a re- 
stricted intake of calcium the patient 


\ 
s 
t 
2 
p 
te 
d 
6 
per 
uri} 
(ay 
rep 
the 
the 
Was 
pat 
acic 
che 
per 
hon 


Sunderman and Sunderman: INTERSTITIAL CALCINOSIS 29] 


was in negative calcium balance, and 
had an average daily loss of 130 mg. 
of calcium. 

At the conclusion of the balance 
study, the low calcium diet was con- 
tinued, and ammonium chloride was 
given in an endeavor to augment the 
patient’s negative calcium balance and 
to deplete calcium from the interstitial 
deposits. After the daily ingestion of 


liter. No dislocation in the concentra- 
tions of total base, sodium or potassium 
occurred. 

The patient was maintained upon the 
low calcium, ammonium chloride regi- 
men for over 6 months. At the end of 
this period the interstitial deposits had 
decreased in size and number, and 
roentgenograms failed to demonstrate 
osteoporosis. This observation suggests 


CALCIUM BALANCE STUDY : INTERSTITIAL CALCINOSIS 


1000 
900+ 
800 
CR O33 
700 
FOOD 
FECES 


URINE 


CALCIUM (mg.) 


PERIODS: 
(3 days each) 


Fig. 5 


6 gm. of ammonium chloride for a 
period of 9 days, the calcium in the 
urine increased to 137 mg. per day 
‘average of a 3-day collection). This 
represents an increase of 70% above 
the calcium excretion in urine during 
the period of the balance studies. As 
was anticipated (Farquharson*‘), the 
patient developed a mild compensated 
«cidosis: the concentration of serum 
‘hloride was increased to 108 mEq. 
per liter; the concentration of bicar- 
honate was decreased to 15 mEq. per 


that the calcium in the interstitial de- 
posits are not sequestrated but may be 
readily mobilized. 

It should be noted that the restricted 
calcium diet, either alone or in combi- 
nation with ammonium chloride has 
been advocated as a_ therapeutic 
measure in interstitial calcinosis for 
many years (Arendt, Pattee and 
Mitchell’, Bauer, Marble and Bennett’, 
Brooks", and Skossogorenko™). Para- 
thyroidectomy has also been performed 
in several patients (Bartels and 
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Cattell*, Bryon and Michalover!*, and 
Medvei™) but the therapeutic results 
have been generally unsatisfactory. 
Within recent years ACTH and corti- 
sone (Briggs and Illingworth®, Douglas 
and Randel**, and Scott and Delilly®* ), 
sodium versenate (Klein and Harris‘ ), 
acetazoleamide, and phytic acid (De- 
Laney, Hollinger and Pattee*') have 
undergone therapeutic trials in a few 
patients suffering from interstitial cal- 
cinosis. None has been proved to be 
especially effective. 


September, 1957 


acteristically develop negative calcium 
balance which is of the same magnitude 
as that observed in our patient (Bauer, 
Albright and Aub®, Bauer, Marble and 
Claflin’, and McCance*'). Moreover, 
the relative amounts of calcium in 
urine and feces observed in our pa- 
tient conform to the normal ratio of 
excretion (Bauer, Albright and Aub’, 
and Bauer, Marble and Claflin’ ). Thus, 
our studies support the view that the 
pathogenesis of interstitial calcinosis is 
not associated with a disturbance in 


TABLE 1.—INTERSTITIAL CALCINOSIS 
CALCIUM BALANCE STUDIES RECALCULATED FROM THE LITERATURE 


Calcium 

Intake 
Author Date (mg./day) 
Vannini 1911 237 
Bauer et al. 1931 200 
Brooks 1934 102 
Salveson & Bie 1937 124 
Arendt et al. 1955 200 
Present authors 1957 145 


CONSIDERATION OF PATHOGENESIS. A 
survey of the literature (Arendt, Pattee 
and Mitchell', Bauer, Marble and 
Bennett’, Brooks", Bryon and Michal- 
over!*, Cornbleet and Struck", Forester 
and Swanson*’, Friedlander*’, Goetz*?, 
Salveson and Bée*, and Vannini"’ ) 


reveals five comparable studies of cal- 


cium balance in patients with inter- 
stitial calcinosis. The data from these 
reports have been recalculated and are 
tabulated in chronological order in 
Table 1. The earlier investigators, 
Vannini™’, Bauer and coworkers‘, and 
Brooks'', uniformly reported positive 
calcium balances on low calcium diets. 
The more recent investigators, Salveson 
and Boe“, Arendt, Pattee and Mitchell*, 
and ourselves, have each observed 
negative calcium balances. It should 
be pointed out that normal individuals 
given a calcium-restricted diet char- 


Calcium Output 
(mg./day) 


Calcium Balance 

Urine Feces Total (mg./day) 

29 183-212 + 25 

76 10 86 +114 

33 34 67 + 35 
105 89 194 —210 
311 108 419 —219 

$1 194 275 —130 


the normal response to calcium depri- 
vation. Likewise recent application of 
the intravenous calcium tolerance test, 
as well as the measurement of phos- 
phate-creatinine clearance, have failed 
to demonstrate any abnormality in the 
general metabolism of calcium and 
phosphorus in interstitial calcinosis 
(Harrison and Feiwel**). 

Van Wagtendonk and Wulzen™ have 
produced interstitial calcifications ex- 
perimentally in guinea pigs by main- 
taining them on a diet deficient in the 
“anti-stiffmess factor” which is a fat- 
soluble vitamin present in green vege- 
tables, raw cream and sugar cane 
(Chedelin', and Van Wagtendonk and 
Wulzen™*). Lansbury and his co- 
workers** have called attention to tlie 
similarities between the radiographic 
and pathologic appearance of the ex- 
perimental lesions thus produced in 
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guinea pigs, and the lesions observed 
in interstitial calcinosis of man. Al- 
though these investigators failed to 
note improvement in 4 patients with 
calcinosis treated with crude concen- 
trates of the anti-stiffness factor, they 
advanced the hypothesis that a meta- 
bolic disturbance may be common to 
both the experimentally-induced and 
the spontaneous — lesions ( Lansbury 


CH3 


HO 
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with respect to calcium and inorganic 
phosphorus and that the reciprocal 
variations in the serum concentrations 
of these components may be predicted 
from the solubility constant of calcium 
phosphate in serum. Howard and co- 
workers**"""! shown experi- 
mentally that precipitation of calcium 
phosphate from serum does not occur 
until the concentration of total calcium 


CH3 C2Hs CH3 
CH — CH = CH —CH — CH 
CH 
Stigmasterol 
( anti-stiffness factor 
CH H 
3 


CH — CH = CH —CH —CH 


cH 


Calciferol 
(Vitamin D. ) 


Fig. 6.—Structural formulas of stigmasterol and calciferol. 


et al.*). The chemical structure of the 
“anti-stiffness factor” has been iden- 
tified as  stigmasterol (Kaiser and 
Wulzen*, and Rosenkrantz et al.®*), 
which bears a striking structural simi- 
larity to calciferol (Vitamin D.) (Fig. 
5). It appears paradoxical that diets 
leficient in stigmasterol may produce 
‘nterstitial calcifications, whereas a 
tietary excess of calciferol may like- 
vise result in extraskeletal calcification. 

Doubt has long been cast upon the 
oncept that the serum is saturated 


is above 20 mg. per 100 ml. This sug- 
gests that local factors must play a role 
in the precipitation of calcium phos- 
phate in the interstitial tissues. In view 
of the fact that interstitial calcinosis 
affects chiefly the dense connective 
tissues of the extremities, it is note- 
worthy that if one excludes the skele- 
tal tissues, calcium is normally present 
in higher concentration in tendons and 
ligamentous tissues, and in skin and 
nerve, than in any other tissues of the 
body (Mitchell et al.®°). Moreover, 
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Engle, Joseph and Catchpole**.** have 
reported electrometric studies which 
indicate that the affinity of the normal 
skin and dense fibrous tissues for cal- 
cium is considerably greater than that 
of loose connective tissue. 

The deposition of calcium salts in 
interstitial calcinosis is similar in sev- 
eral salient respects to that involved 
in the normal formation of bone 
(Howard*’). For example, calcium 
phosphate, both in calcinosis and in 
bone, occurs within an extracellular 
matrix of mucopolysaccharide ( Follis**, 
Gross**, Howard**, and Levine et 
al*®). The binding of calcium within 
this matrix may be a function of chon- 
droitin sulfate, which is one of the 
components of the matrix (Neumann, 
Boyd and Feldman**, and Sobel and 
Burger™!). It has been demonstrated 
by chemical analysis (Bauer, Marble 
and Bennett’, Brooks'!, and Comroe, 
Chamberlin and Sunderman") and by 
Roentgen diffraction studies (Corn- 
bleet, Reed and Reed'*) that the com- 
position of the calcific deposits in 
interstitial calcinosis is essentially the 
same as that of apatite in bone. 

In the process of calcification of 
bone, the cartilage cells gradually ac- 
cumulate stores of glycogen, which dis- 
appear abruptly during mineralization. 
Concomitant with glycogenolysis, or- 
ganic phosphate esters are produced 
which can then serve as substrates for 
phosphatase activity. The inorganic 
phosphate which is liberated combines 
with the available calcium and precipi- 
tates as calcium phosphate (Gomori"*, 


Gutman**, and Gutman and Yu**). 
Since the glycogen content of the dense 
interstitial tissues is not comparable to 
the glycogen stores of calcifying carti- 
lage, some mechanism other than gly- 
cogenolysis must function intersti- 
tial calcinosis to supply the requisite 
concentrations of inorganic phosphorus. 

Summary. Clinical summaries and 
metabolic studies are reported on 2 
patients suffering from extensive inter- 
stitial calcinosis. A balance study on 
one of the patients demonstrated neg- 
ative calcium balance on a_ restricted 
calcium diet. Thirty per cent of the 
excreted calcium was present in the 
urine and 70% appeared in the feces. 
Since normal individuals ingesting a 
calcium-restricted diet characteristi- 
cally develop a similar negative calcium 
balance, these studies support the 
view that interstitial calcinosis is not 
associated with disturbance in the 
normal response to calcium depriva- 
tion. 

The attempt to correlate several lines 
of evidence leads to the conclusion 
that the pathogenesis of interstitial 
calcinosis involves an abnormal affinity 
ot the mucopolysaccharide of ground 
substance for calcium. This affinity may 
be dependent upon nutritional or hor- 
monal factors. Notwithstanding any 
such factors, interstitial deposits of cal- 
cium phosphate are produced without 
significant alterations in the concen- 


trations of serum calcium or inorganic 


phosphorus, and without disturbance 
in the normal pattern of calcium ex- 
cretion. 
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SUMMARIO IN INTERLINGUA 
Calcinosis Interstitial 


Es presentate summarios clinic insimul con le resultatos de studios metabolic 
in 2 patientes con extense calcinosis interstitial. Un studio de balancia in un 
del patientes revelava un negative balancia de calcium con un regime dietari a 
restriction de calcium. Trenta pro cento del excretion de calcium esseva presente 
in le urina, 70 pro cento in le feces. Viste que normal individuos qui ingere un 
dieta a restriction de calcium disveloppa characteristicamente un simile balancia 
negative de calcium, le presente studios supporta le conception que calcinosis 
interstitial non es associate con un disturbation del responsa normal a depriva 
tion de calcium. 

Le correlation de plure lineas de argumentation e documentation resulta i: 
le conclusion que le pathogenese de calcinosis interstitial depende de un affinitate 
anormal del mucopolysaccharido del substantia fundamental pro calcium. _ Ist: 
affinitate pote esser conditionate per factores nutritional o hormonal. In omne 
caso, depositos interstitial de phosphato de calcium se produce sin alteration: s 
significative in le concentrationes del calcium o del phosphoro inorganic del ser) 
e sin disturbation in le modos normal del excretion de calcium. 
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THE PRODUCTION OF ANTIBODY BY SPLENECTOMIZED PERSONS* 


By Ratepn M. Myerson, M.D. 
ASSISTANT CHIEF, MEDICAL SERVICE, VETERANS ADMINISTRATION HOSPITAL 


Rosert Stout, M.D. 
RESIDENT IN MEDICINE, VETERANS ADMINISTRATION HOSPITAL 


AND 


W. Paut Havens, M.D. 
PROFESSOR OF CLINICAL MICROBIOLOGY, JEFFERSON MEDICAL COLLEGE 


(From the Medical Services, Veterans Administration Hospital, Philadelphia, Pennsylvania 
and Jefferson Medical College, Philadelphia, Pennsylvania ) 


In: the past 60 years numerous ex- 
periments in animals have been per- 
formed in attempts to define the role 
of the spleen in the formation of anti- 
bodies. Relatively little work on this 
subject, however, has been done in 
man. In 1950, Rowley reported that 
splenectomized persons had a_ de- 
creased capacity to produce hemoly- 
sins in response to sheep erythrocytes 
administered intravenously'*. Gohar, 
Eissa and Sebai studied the immuno- 
logic response of patients who had had 


their spleens removed because of 


splenomegaly associated with bilhar- 
ziasis*. They found a relatively normal 
response in those patients immunized 
with typhoid bacilli one month follow- 
ing splenectomy but a decreased _re- 
sponse in those immunized 16 days 
after the operation. They attributed 
the improvement in response to the 
fact that sufficient time had elapsed to 
permit a compensatory hypertrophy of 
healthy lymphoid tissue. 

Because of the paucity of data on 
this subject, a study was made of the 
capacity of splenectomized patients, 


previously immunized against tetanus 
during World War II, to respond to a 
booster dose of tetanus toxoid. 


Materials and Methods. Seven veterans of 
World War II, who had had their spleens 
removed for various reasons (Table 1), were 
studied. Splenectomy had been performed 
from 6 to 44 months previously. These men 
had received active immunization against 
tetanus in the Army, and with one exception 
their last booster dose of toxoid had been 
given 10 to 12 years before the beginning of 
this study. The technique of titration of anti- 
toxin was controlled by determinations of 
circulating antitoxins in a group of similarly 
immunized veterans with hepatic cirrhosis. 
The results of this study will be reported 
elsewhere®. 

The antigen used was commercially pre- 
pared standard tetanus 
toxoid. Following withdrawal of blood for 
baseline levels, the patients were inoculated 
intramuscularly with 0.5 ml. tetanus toxoid. 
Blood was obtained 7, 14, 21, and 28 days 
after injection of toxoid. The serums were 
stored at dry-ice box temperature for periods 
of 1 to 4 weeks. 

The amounts of tetanus antitoxin in the 
serums were determined by titration in mice, 
performed by intramuscular injections of ap- 
propriate dilutions of the serum to be tested 
mixed with standardized doses of tetanus 
toxin.+ Titrations were begun at the level of 


°This investigation was supported, in part, by the Research and Development Division, 
Office of The Surgeon General, Department of the Army, under Contract No. DA—49-007- 


MD-60. 


tObtained through the courtesy of Dr. Johannes Ipsen, Department of Public Health of the 
Commonwealth of Massachusetts, Boston, Massachusetts. 
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0.025 unit antitoxin/ml. serum, and twofold 
dilutions were made up to the level of 50 
units/ml. serum. When testing for amounts 
of antitoxin in excess of 50 units/ml., quarter- 
fold increases in dilution were made. One 
mouse per dilution tested was used. The 
end-point of titration was regarded as the 
mixture of toxin and antitoxin allowing sur- 
vival with tetanus on the seventh day after 
injection. If two or more consecutive dilu- 
tions showed that reaction, the results are 
given in terms of the geometric mid-points 
between these dilutions. If no dilution gave 


TABLE 1. 


September, 1957 


mized patients, including three with 
known chronic hepatic disease, made 
considerable amounts — of antibody. 
The. large amount of baseline anti- 
toxin found in one patient (M.A.) was 
apparently due to an injection of teta- 
nus toxoid received 3 months prior to 
this study. 

The amounts of antibody produced 
in the present study compares favor- 


TETANUS ANTITOXIN TITERS IN 7 SPLENECTOMIZED PERSONS 


FOLLOWING BOOSTER DOSE OF TETANUS TOXOID 


Patient Clinical Data 


47 Y. Wo", 25 mo. postsplenectomy ; 
spleen removed during gastrectomy 
for ulcer 

37 Y. Wo’, 30 mo. postsplenectomy; 
spleen removed during gastrectomy 
for ulcer 

39 Y. Wo, 44 mo. postsplenectomy; 
spleen removed during gastrectomy 
for ulcer 

35 Y. Wo, 10 mo. postsplenectomy; 
hypersplenism, cause undetermined 


J.C. 
W.B. 
J.D. 
FS. 

22 Y. No’, 6 mo. postsplenectomy; 


hereditary leptocytosis with hemo- 
lytic anemia 


M.B. 


40 Y. Wo, 18 mo. postsplenectomy; 
J.B. hepatic and splenic sarcoidosis 
36 Y. Wo, 18 mo. postsplenectomy ; 


M.A.t cirrhosis of liver, hypersplenism 


Tetanus Antitorin, Units) ml. 


Days after Booster 


Liver Function Pre- ~~ 
(BSP)* Booster 7 14 21 28 
Normal 0.10 17.7 17.7 80.0 80.0 
Normal 3 1.6 12.5 8.9 
Normal 

Liver Biopsy: 40 89.0 89.0 71.0 

Normal 

BSP 8 5°% 
Liver Biopsy: 6 4 89 35.0 0.0 
Moderate 

hemosiderosis 
BSP 20% 

Liver Biopsy: 0.05 1.1 26.0 12.5 19.7 

Sarcoidosis 
BSP 34% 
Liver Biopsy: 63.0 71.0 71.0 35.0 $5.0 


Cirrhosis 


* 5 mg. Sulfo Bromophthalein/kg. in 45 minutes. 
t Patient received tetanus booster dose 3 months previous to study. 


an end-point, the titer was represented by 
the geometric mid-point between the highest 
dilution with survival and the lowest dilu- 
tion at which death occurred. Controls with 
standard equine antitoxin from the National 
Institutes of Health were always included. 


Results and Discussion. In Table 1 
are recorded certain pertinent clinical 
and laboratory data and the amounts 
of tetanus antitoxin found before and 
after the injection of a booster dose of 
tetanus toxoid. All of the splenecto- 


ably with the response to a booster 
dose of tetanus toxoid noted by Looney 
and his coworkers in normal persons® 
There was considerable individual vari- 
ation in the time and degree of the 
maximum response (Table 1) although 
the pattern in general was character 
ized by an increase in circulating anti- 
toxin by the seventh day, reaching © 
maximum in 14 to 21 days after th: 
booster dose was given. 
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There is ample evidence that the 
formation of antibodies is a function of 
certain elements of the reticuloendo- 
thelial system and emphasis has been 
placed on the plasma cell during the 
past decade. It is known that the spleen 
participates in, but is not essential for, 
antibody production. The exact role 
of the spleen in this respect apparently 
depends in part upon the time and 
route of inoculation of the antigen. 
Taliaferro and Taliaferro concluded 
that in animals the spleen is responsible 
for a rapid and initial rise of antibody, 
after which nonsplenic tissues become 
progressively more active in antibody 
formation'*'®. Rowley reported that 
splenectomized rats had a decreased 
antibody response when small doses of 
antigen were given intravenously, but 
when the antigen was administered in- 
tracutaneously or intraperitoneally the 
response of splenectomized animals 
was the same as that of normal con- 
trols'!. Rowley also observed a poor 
immunologic response in 13 of a group 
of 14 splenectomized persons given 
sheep erythrocytes intravenously’. 

The capacity to produce antibody is 
only one of many factors involved in 
resistance to infection. From a clinical 
standpoint, there has been an increas- 
ing number of reports of severe infec- 
tions occurring after splenectomy 
(Cole, Majarkis and Limarzi', Gofstein 
and Gellis*, Hoefnagel®, Ivemark’, King 
and Shumaker’, Myerson and Koelle’®, 
and Smith et al.'*). This has usually 


been noted in infants and children 
whose spleens were removed for hema- 
tological disorders. Smith and his asso- 
ciates recently reviewed this subject 
and reported 19 additional patients 
with severe, occasionally fulminating 
infections occurring at varying inter- 
vals following splenectomy'*. None of 
the patients studied had a decrease 
in gamma globulin. Hadley studied 
the antibody response of a_ small 
group of patients with Cooley's anemia 
following a provocative dose of diph- 


-theria toxoid and noted no relationship 


between the presence or absence of 
the spleen and the antibody titer*. In 
one patient studied by Gofstein and 
Gellis there was no rise in antibody 
titer following the injection of mumps 
vaccine*. The same patient had type A 
blood but no anti-B hemagglutinins 
were present. He did, however, develop 
normal amounts of antibodies against 
the various pneumococci responsible 
for his illnesses. 

Summary. Seven splenectomized pa- 
tients who had been previously actively 
immunized against tetanus were given 
a booster dose of tetanus toxoid and 
their antibody response was measured 
at weekly intervals thereafter. There 
was no evidence of any inhibitory 
effect of splenectomy on the produc- 
tion of antibody. All 7 men made con- 
siderable antitoxin, comparable — in 
amounts to that produced by similarly 
immunized normal persons. 
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SUMMARIO IN INTERLINGUA 
(See page 301 for original article ) 


Le Signification Clinic de Alterationes del Activitate de Dishydrogenase 
Lactic in Fluidos Corporee 


1. Activitate de dishydrogenase lactic es presente in plasma, sero, effusion 
serose, e fluido spinal. 

2. Duo centos a 680 unitates per ml es valores normal pro dishydrogenase lactic 
del sero. Pro dishydrogenase lactic del fluido cerebro-spinal, 40 unitates per ml 
o minus es valores normal. Le valores in le fluido cerebro-spinal es sin relation 
directe con le valores in le sero. 

3. Effusiones serose que es libere de tessuto neoplastic ha un activitate de 
dishydrogenase lactic inferior a illo de sero ab le mesme individuo. Fluidos 
serose que bania cellulas maligne ha un activitate de dishydrogenase lactic 
superior a illo de sero ab le mesme individuo. 

4. Le activitate de dishydrogenase lactic del sero es alterate per varie statos 
pathologic, incluse acute infarcimento myocardial, acute episodios hemolytic, 
leucemia myelogene, disseminate lymphomas e carcinomas, e morbos de musculo 
skeletic. 

5. Le activitate de dishydrogenase lactic del fluido cerebro-spinal es elevate 
a nivellos plus que normal per lymphoma, leucemia, e carcinoma con affection 
del systema nervose central, per meningitis acute, e per hemorrhagia subarach- 
noide. 

6. Plure differente e separate mechanismos es responsabile pro le alterationes 
del activitate de dishydrogenase lactic in le fluidos corporee. 

7. Le correlation de alterationes del activitate de dishydrogenase lactic del 
fluidos corporee con le situation e le datos clinic es de valor contributori in le 
differentiation diagnostic, e in certe casos iste correlation rende plus facile sequer 
le curso del stato pathologic. 

8. Le observationes del activitate de dishydrogenase lactic in le fluidos corporee 
debe esser extendite ante que le limitationes e le avantages de iste technica 
enzymo-diagnostic pote esser definite. 
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THE CLINICAL SIGNIFICANCE OF ALTERATIONS IN LACTIC 
DEHYDROGENASE ACTIVITY OF BODY FLUIDS 


By Fevix Wrosiewski, M.D. 


(From The Department of Medicine and Sloan-Kettering Institute of Memorial Center for 
Cancer and Allied Diseases, New York, New York) 


Lactic dehydrogenase is ubiquitously . 


distributed in human tissues, and_ is 
present as well in such body fluids as 
serum (S), serous effusion (SE), and 
cerebrospinal fluid (CSF). By sundry 
mechanisms, lactic dehydrogenase 
(LD) activity varies in body fluids in 
response to pathologic processes in 
tissues. It is the purpose of this presen- 
tation to present the observations in 
regard to the alterations of LD activity 
in 3 body fluids, and to attempt to de- 
fine the mechanisms and clinical signi- 
ficance of these enzyme changes. 


Methods and Materials. The LD activity 
of the 3 body fluids was determined similarly 
using a spectrophotometric technique _pre- 
viously described (Wréblewski and La Due*). 
Serum was obtained by venipuncture with- 
out regard to the fasting state; thoracentesis 
and paracentesis were the methods employed 
to sample pleural and peritoneal effusions re- 
spectively; CSF was obtained by usual spinal 
tap between lumbar vertebrae four and five. 
The fluid samples were centrifuged at 2000 
rpm for 5 minutes at room temperature and 
the supernatant made free of cellular and 
undissolved elements. Hemolyzed specimens 
were discarded but sanguineous samples free 
of hemolysis in the centrifuged specimens 
were used. Other determinations Sonesta 
subsequently were done on similar samples 
obtained simultaneously, Other chemical and 
cytologic examinations were performed in 
the regular clinical laboratories. Fluid speci- 
mens were examined for LD activity within 
48 hours after collections and were stored at 
4° C. during that time interval. The patients 
studied were seen primarily at Memorial and 
James Ewing Hospitals; the remainder were 
drawn from New York, Brooklyn and Bellevue 
Hospitals. The diagnoses presented are based 
on Cinical conclusions drawn from supervision 
of the clinical course or review of the clinical 


record of the patients or findings of post- 
mortem examinations, or both. 


Results. ALTERATIONS IN SERUM LAC- 
TIC DEHYDROGENASE (SLD) activity. In 
normal individuals, SLD varies from 
200 to 680 units per ml. Heparinized 
plasma has the same range of activity 
as serum. The large amount of LD in 
one gram of cardiac muscle in compari- 
son with the relatively small LD activ- 
ity in 1.0 gm. (or 1 ml.) of serum 
accounts for the rise in SLD associated 
with myocardial infarction. Necrosis of 
myocardial tissue results in the release 
of intracellular enzymes which find 
access into the extracellular fluid com- 
partment resulting in an increase in 
SLD and other serum enzymes follow- 
ing myocardial infarction (Wroblewski, 
Ruegsegger, and LaDue*). From 6 to 
12 hours following the onset of myo- 
cardial infarction in 50 patients, a rise 
of 2 to 10 times the normal activity of 
SLD, with a maximum elevation at 24 
to 48 hours, was observed. The peak 
rise in SLD is proportional to the ex- 
tent of myocardial tissue damage. Fig- 
ure | compares the alterations in SLD, 
serum glutamic-oxaloacetic _transami- 
nase and other laboratory parameters 
in a patient, (O.B.), who incurred an 
anterior transmural myocardial infarc- 
tion. 

The serum enzyme changes permit 
confirmation of the clinical and electro- 
cardiographic diagnosis of myocardial 
infarction, and in addition, reflect 
semiquantitatively the extent of car- 
diac tissue injury. In the presence of 
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equivocal electrocardiographic changes 
or tracings in which the classical 
patterns of myocardial infarction are 
obscured by bundle branch block, 
aberrant conduction and reflection of 
evolving or healed infarction, serum 
enzyme changes assist in making a 
definitive diagnosis of myocardial in- 
farction. Pulmonary infarction, peri- 
carditis and left and right strain are 
not associated with significant serum 


The serum LD is altered in several 
other clinical settings including myelog- 
enous leukemia, disseminated carcino- 
matosis, skeletal muscle trauma, acute 
hepatitis, intravascular hemolytic epi- 
sodes and others. The serial and quanti- 
tative SLD changes are often dis- 
tinguishably different in the various 
clinical settings in which increased 
SLD occurs. However, the association 
of increased SLD with many clinical 


changes above the normal range. Dif- situations makes the alterations in this 
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Fig. 1—Alterations in serum lactic dehydrogenase and other laboratory and clinical parameters 
in a patient with an acute transmural anterior myocardial infarction. 


ferential diagnosis of these states from 
myocardial infarction is facilitated by 
following the serial and quantitative 
alterations in serum enzymes during 
the acute clinical phase in patients 
suspect for myocardial infarction. Al- 
though the size of an infarction does 
not necessarily correlate with progno- 
sis, it has been observed that a mvo- 
cardial infarct associated with a peak 
rise in SLD of greater than 3000 units 
carries an ominous prognosis in terms 
of survival. 


serum enzyme relatively nonspecific, 
and even complete clinical correlation 
may at times leave the explanation for 
the SLD changes obscure. 

In 25 patients with chronic myelog- 
enous leukemia in relapse, SLD was 
usually elevated to levels above 1000 
units (Magill and Wréblewski' ). With 
remission of the disease process, the 
SLD levels usually return toward the 
normal range. Figures 2 and 3 depict 
the SLD alterations and _ peripheral 
leukocyte count in patients with chronic 
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myelogenous leukemia. Figure 2  re- 
veals a relationship between SLD and 
peripheral leukocyte count before and 
during chemotherapy while Fig. 3 fails 
to demonstrate this relationship. Al- 
though there frequently appears to be 
a relationship between circulating 
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neoplasia display impressive SLD 
increments, and therapeutic measures 
appear to influence erratically the 
level of this serum enzyme. Although 
in part speculative, the explanation for 
the increased SLD in malignant dis- 
ease states, including leukemia, ap- 
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Fig. 2.—Alterations of serum lactic dehydrogenase in a patient with chronic myelogenous 
leukemia. There appears to be a relationship between peripheral leukocyte count and SLD. 


leukocytes and SLD in chronic myelog- 
enous leukemia, this is not a consistent 
observation. 

Disseminated carcinoma and lym- 
phoma are usually associated with 
increased SLD. From the study of 50 
patients, there appears to be a semi- 
quantitative relationship between the 
SLD and the rapidity of tumor growth 
and the degree of dissemination of the 
neoplastic process. However, not all 
patients with disseminated malignant 


pears to rest on the fact that malignant 
neoplastic cells liberate increased LD 
activity into the fluid medium which 
bathes the cells. Presumably, the 
leukemic cells exude LD which finds 
its way into the extracellular fluid 
compartment. 

Acute hemolytic episodes result in 
impressive increments in SLD due to 
liberation of LD from _ erythrocytes 
which contain appreciably greater 
amounts of LD than plasma, leuko- 


6000 
5000 LACTIC DEHYDROGENASE 

4000 
3000 
2000 

1000 

100 

50 POLYS 

EXPIRED 

500 


Os 34 ye & CHRONIC MYELOGENOUS LEUKEMIA 


4000; 


3000 


(Units / mi) 
1000 
400 
300! 
weC (cmm) 
200 
100 
BLASTS IN MARROW ™) 6935 
° 20 40 60 80 100 120 140 160 


Days 


Fig. 3.—Alterations in serum lactic dehydrogenase and other laboratory parameters in a 


patient with chronic myelogenous leukemia. 


leukocyte count and SLD. 


There is no correlation between peripheral 
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Fig 4—Laboratory findings including changes in SLD in a patient during the course of acute 
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cytes, or serum. Muscle trauma due to 
surgery may result in transient 24- to 
72-hour rises in SLD due to liberation 
of intracellular LD into the blood 
stream. In acute hepatitis, SLD is in- 
creased primarily during the peak of 
the disease at the point where he spatic 
inflammation or necrosis, or both, is 
at its maximum (Fig. 4). Elevations of 
SLD are occasionally seen in acute 
renal disease, dermatomyositis, acute 
pancreatitis and other disease states 
presumably due to liberation of the 
intracellular enzyme into the extra- 
cellular fluid compartment. 

The variety of clinical settings asso- 
ciated with increased SLD limits the 
diagnostic usefulness of alterations in 
this serum enzyme. When a diagnostic 
conclusion has been established, alter- 
ations in SLD may serve to contribute 

following the acute phase but ap- 
pears to have little to offer beyond this 
contribution. 

VARIATION OF LACTIC DEHYDROGENASE 
IN SEROUS EFFUSIONS (Ef-LD). Pleural 
and peritoneal effusions — containing 
malignant cells may be conceived of 
as in vivo cultures of cancer cells. It 
has been postulated that the malignant 
cells in and about the serous effusion 
contribute LD activity to the encap- 
sulated extracellular fluid (Wroblewski 
and Moore*). This hypothesis is based 
on the observations from tissue culture 
studies which suggest that malignant 
neoplastic cells contribute increasing 
amounts of LD activity to the fluid 
medium which bathes the cells. The 
enzyme activity of LD in an effusion 
associated with nonneoplastic disease 
is consistently lower than the LD ac- 
tivity of the plasma and serum derived 
from the same individual. Inasmuch as 
the globulin fraction of an effusion 
does not exchange readily with the 
plasma constituent, and LD activity is 
primarily a globulin component, serous 
effusions containing malignant cells 
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usually have greater LD activity than 
the LD of the serum derived from the 
same individual. Fifty pleural and peri- 
toneal effusions associated with non- 
neoplastic disease states, such as 
congestive heart failure nephrosis, cir- 
rhosis and tuberculosis, have enzyme 
activities less than the respective serum 
enzyme activity. Figure 5 compares the 
effusion LD and serum LD activity in 
a group of patients with nonneoplastic 
diseases. Serous effusions containing 
exfoliated but presumably viable ma- 
lignant cells are probably being en- 
riched with LD exuded from the 
suspended cells. Figure 6 compares the 
effusion LD and serum LD activity in 
Y instances from a group of 54 patients 
with malignant neoplastic diseases 
associated with effusions shown to con- 
tain malignant or abnormal cells, 

both. However, serous fluid free of 
exfoliated cells but nevertheless bath- 
ing pleural or peritoneal implants of 
malignant tissue would be expected to 
be enriched with LD by the contiguous 
malignant tissue. On the basis of this 
reasoning, one may expect the LD of 
effusions to be greater than the serum 
LD activity in serous fluids containing 
malignant cells as well as in those 
fluids bathing malignant tissue but free 
of exfoliated neoplastic cells. Accord- 
ingly, effusion LD activity appears to 
be a reflection of malignant tissue in 
contact with a serous surface, and us- 
ually but not necessarily able to be 
correlated with the malignant cytologic 
constituents of the fluid. Therefore, 
the findings of the cytologic examina- 
tion and of the enzymatic activity of 
a serous fluid from a_ patient with 
lymphomatous or carcinomatous dis- 
ease are two related but nevertheless 
potentially independent expressions of 
malignant neoplasia within a serous 
cavity (Fig. 7). 
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PLEURAL AND ABDOMINAL EFFUSIONS CYTOLOGICALLY NEGATIVE FOR 
MALIGNANT CELLS 
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Fig. 5.—Contrast of the LD activity of serous effusion and serum in patients with pleural and 
peritoneal effusions free of malignant tissue. 
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Fig. 6.—Contrast of the LD activity of pleural effusion and serum in patients with serous 
effusions containing malignant cells. 
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cancer and thyroid cancer, nitrogen 
mustard in lymphomata and dissemi- 
nated cancer, and radiation therapy in 
all types of neoplastic disease states 
may result in enzymatic change in 
serous fluids with or without change 
in cytological flora of the effusion. It 
would appear that without eradicating 
malignant cells from an_ effusion, a 
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serous effusions is necessary before a 
definitive conclusion can be reached 
regarding the reliability of the chemical 
technique for the characterization of 
effusion as either benign or malignant. 
The confusion contributed by non- 
neoplastic cellular elements of serous 
fluids in the identification of malignant 
cells is generally recognized. An enzy- 
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Fig. 7.—Contrast of the LD activity of serous effusion and serum in patients with malignant 
neoplasia but in whom the serous fluids were free of malignant cells or tissue. 


therapeutic agent may influence the 
metabolic or enzymatic behavior, or 
both, of malignant cellular constituents 
of an effusion. This apparent paradox 
between cytologic character and enzy- 
matic behavior of cancer has been 
recognized, as in prostatic cancer in- 
fluenced by estrogen and reflected in 
serum acid phosphatase alterations. 
Considerable extension of the study 
of LD activity and other enzymes of 


matic technique which would confirm 
or complement cytologic examination 
of serous fluids would fill a genuine 
diagnostic need. 

ALTERATIONS IN CEREBROSPINAL FLUID 
LACTIC DEHYDROGENASE (CSF-LD) ACTIV- 
iry. In 25 normal individuals and in 
40 patients without central nervous 
system (CNS) disease, the spinal fluid 
LD is appreciably less than the plasma 
or serum activity of this enzyme 
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Fig. 8—CSF-LD and other laboratory and clinical data in a_ patient with central nervous 


system involve 


‘ment by lymphatic leukemia. No consistent relationship between CSF leukocyte 
count and CSF-LD is apparent. 
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| alterations in CSF-LD and other pertinent data in a patient with CNS involve- 
nphosarcoma. The changes in CSF-LD in response to therapy is noteworthy. 
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(Wroblewski, Decker and Wroéblew- 
ski*). In addition, the spinal fluid 
LD varies independently of the 
serum LD activity (Table 1). In all 
but 8 of 102 individuals with no 


TABLE 1—CONTRASTS CSF-LD WiTH 
SLD IN) DIFFERENT INDIVIDUALS. 
CSF-LD VARIES INDEPENDENTLY OF 
SLD 


Serum LD 
(Units/ml.) 
680 or Less 


VS CSF-LD 
(Units/ml.) 
Normal 40 or less 


280 10 
400 35 
640 24 
840 24 
950 20 
1200 30 
480 65 
270 100 
840 170 
430 190 
220 220 
520 370 


TABLE 2.—COMPARES CSF LEUKOCYTE 
COUNT, CSF TOTAL PROTEIN, AND 
CSF-LD ACTIVITY IN A GROUP OF 
PATIENTS WITH SECONDARY CNS 
MALIGNANT NEOPLASIA 


T.P. CSF-LD 


WBC (mg./ (Units/ 
Primary Dx (M./mm.*) 100 ml.) ml.) 
Reticulum cell 
sarcoma 0.7 43 140 
Lymphosarcoma Isl 520 220 
Neuroblastoma 0.7 54 100 
Hodgkin's granuloma 34 100 
Leukemia, acute 567 169 470 
Leukemia, subacute 
myelo, 174 105 370 
Adenoca of breast 66 210 190 
Adenoca of breast 2 155 50 
Wilms’ tumor 0.7 43 140 


CNS disease, with degenerative and 
nonspecific CNS disease states, the 
spinal fluid LD activity is below 40 
units per ml. In patients with intra- 
cerebral or meningeal leukemia, lym- 
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phoma and metastatic carcinoma, the 
spinal fluid LD is above 40 units per 
ml. (Table 2). Figure 8 depicts the CSF- 
LD, and other laboratory and clinical 
data in a patient with CNS involve- 
ment with lymphatic leukemia. Clinical 
CNS symptoms did not manifest 
themselves until the third or fourth 
day recorded on the illustration. Fig- 
ure 9 depicts the serial changes in 
CSF-LD and other laboratory and 
clinical data in a patient with lympho- 
sarcoma associated with CNS involve- 
ment. The relationship of CSF-LD to 
therapeutic measures is noteworthy. 

Although only 7 patients with pri- 
mary brain tumor were studied, all but 
one had CSF-LD less than 40. The 
one patient with a value of 256 had 
a glioblastoma; the patient had been 
operated upon and presumably the 
blood-brain barrier had been circum- 
vented. 

Untreated meningitis is associated 
with marked increase in spinal fluid 
LD activity in 20 specimens from 12 
patients. Figure 10 depicts the same in- 
formation in a 10-month-old child with 
tuberculous meningitis who was treated 
successfully. On the 17th day, the child 
developed increasing fever associated 
with bacterial pharyngitis which did 
not significantly influence CSF-LD and 
thereby contributed to the exclusion 
of exacerbation of tuberculous menin- 
gitis as an explanation for the inter- 
current complication. Children with 
healed tuberculous meningitis have 
been observed to have CSF-LD below 
40 units. Concomitant with and follow- 
ing treatment of bacterial meningitis, 
CSF-LD returns toward the normal 
range, and in some instances the de- 
crease in CSF-LD has heralded and 
reflected clinical response of meningitis 
to therapy. Most other types of CNS 
disease are accompanied by normal 
CSF-LD activity; subarachnoid hemor- 
rhage is associated with elevated CSF- 
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LD activity during the acute phase 
of the disease. 

The mechanism by which CSF-LD 
activity increased is ‘not entirely clear 
(Table 3). It is suggested that ‘patho- 
logic states which permit blood and 
plasma to reach the CSF result in in- 
creased CSF-LD by virtue of the 
contribution of enzyme activity from 
plasma LD which is at least fivefold 


relationship is not consistent and at 
times is divergent. Disproportion be- 
tween CSF leukocyte count and CSF- 
LD is seen in acute meningitis (Table 
4) and the early stages of leukemia 
involvement of CNS (Fig. 8). In 
pathologic situations, CSF leukocytes 
may contribute LD to the CSF but do 
not alone account for the increased 
activity. 


Tuberculous Meningitis, Baby B, (10 months) 


200- 


150 


Cerebrospinal Fluid (CFS) 
Lactic Dehydrogenase Activity 


Units/ ml 100 

50 

SO Normal Range 
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Fig, 10.—Serial alterations in CSF-LD and other pertinent data in a patient with tuberculous 
meningitis. The changes in CSF-LD in response to therapy is noteworthy. 


greater than CSF-LD activity. This 
mechanism appears to account ‘for the 
increased CSF-LD seen in subarach- 
noid hemorrhage. Acute meningitis may 
increase the permeability of the CNS 
vascular supply and permit the exuda- 
tion into the CSF of plasma protein 
including plasma LD along with 
circulating leukocytes. Although at 
times there appears to be a relation- 
ship between total leukocyte count of 
CSF and the CSF-LD activity, this 


The increase of CSF-LD activity in 
the presence of secondary CNS _neo- 
plasia would appear to primarily result 
from the contribution of the fermenta- 
tive enzyme by neoplastic tissue by a 
mechanism analogous to that postu- 
lated for the increased LD activity in 
cytologically malignant effusions. It 
would appear that increased CSF-LD 
activity reflects CNS involvement by 
metastatic carcinoma, lymphoma and 
leukemia. In most other instances of 
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CNS disease, the CSF-LD activity is 
the same as that seen in individuals 
without CNS disease. The other CNS 
diseases associated with increased CSF- 
LD activity, namely, acute meningitis 
and subarachnoid hemorrhage, present 
in different clinical settings and are 
usually readily distinguishable from 
secondary neoplastic involvement of 
CNS. 


TABLE 3.—SUMMARIZES SUG- 
GESTED MECHANISMS TO ACCOUNT 
FOR THE ALTERATIONS IN CSF-LD 
IN THREE DISEASE STATES 


Mechanism of alteration 
(CSF-LD = 40 or less (units/ml. ) 
(Serum LD = 680 or less (units/ml. ) 
|. Meningitis—compromise of — blood-brain 
barrier 


{Subarachnoid __12kage of blood LD into 
| Hemorrhage CSF 


| Metastatic Ca. 
3. {Lymphoma —contribution of LD to 
(Leukemia CSF by malignant tissue 
cells 


TABLE 4.—COMPARES CSF LEUKOCYTE 
COUNT, CSF TOTAL PROTEIN AND 
CSF-LD ACTIVITY IN A GROUP OF 
UNTREATED PATIENTS WITH MEN- 
INGITIS 


CSF-LD 
WBC T.P. (Units/ 

Type (M./mm.3) (mg. €) ml.) 
Tuberculous 36 67 70 
Tuberculous 50 
Pneumococcus 4000 490 270 
Pneumococcus 2900 165 360 
Meningococcus 1300 215 480 
Meningococcus 1000 350 210 
Undetermined 522 232 130 


Discussion. Lactic dehydrogenase 
activity is present in plasma, serum, 
serous effusions, and cerebrospinal 
fluid. The LD activity of a serous effu- 
sion is related to the SLD. Unless an 
effusion bathes malignant neoplastic 
cells or tissue, the LD activity of an 
effusion is usually less than that of 
SLD. However, effusions containing 


malignant neoplastic tissue have LD 
activity which is greater than SLD. 
Therapeutic measures directed at the 
malignant cells in the effusion may 
compromise this generalization. The 
CSF-LD is essentially independent of 
SLD, and varies without relation to 


_SLD. Secondary involvement of CNS 


by lymphoma, leukemia and carcinoma 
increase CSF-LD; acute meningitis and 
subarachnoid hemorrhage also are ac- 
companied by increased CSF-LD. 
Various disease states increase SLD; 
these include acute myocardial infare- 
tion, myelogenous leukemia, intravas- 
cular hemolytic episodes, dermatomyo- 
sitis, and skeletal trauma. Although 
SLD alterations can be characterized 
by their quantitative and serial change 
in regard to specific disease states, the 
multiplicity of pathologic states which 
alter SLD make the interpretation of 
these alterations at times confused and 
misleading. In following acute hemo- 
lytic states or in observing patients 
with acute myocardial infarction or 
myelogenous leukemia, the serial alter- 
ations in SLD may prove helpful. 

The mechanisms by which LD ac- 
tivity varies in body fluids are several 
and apparently quite distinct. The ob- 
servations in regard to LD as well as 
other enzymes in body fluids indicate 
that similar alterations of enzymes in 
different body fluids result from differ- 
ent mechanisms. An understanding of 
these mechanisms is essential to the 
proper interpretation and clinical cor- 
relation of these enzyme changes in 
body fluids. 

Extension of observations of LD ac- 
tivity in body fluids is necessary to 
further define the significance and 
clinical usefulness of the measurement 
of SLD in body fluids. 

Summary. 1. Lactic dehydrogenase 
activity is present in plasma, serum, 
serous effusion and spinal fluid. 

2. The normal range of SLD is from 
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200 to 680 units per ml.; CSF-LD nor- 
mally is 40 units per ml. or less and 
bears no direct relationship to SLD. 

3. Serous effusions free of neoplastic 
tissue have LD activity less than SLD 
obtained from the same_ individual; 
serous fluids bathing malignant cells 
have LD activity greater than the cor- 
responding SLD. 

4. SLD is altered by various disease 
states including acute myocardial in- 
farction, acute hemolytic episodes, 
myelogenous leukemia, disseminated 
lymphomata and carcinoma, and skele- 
tal muscle diseases. 

5. CSF-LD is increased above the 
normal range by secondary CNS 


lymphoma, leukemia and carcinoma, 
by acute meningitis and by subarach- 
noid hemorrhage. 

6. Several different and _ distinct 
mechanisms account for the alterations 
in L D activity of body fluid. 

Correlation of alterations of LD 
in hole fluids with clinical setting and 
data contributes to diagnostic differen- 
tiation and facilitates in some instances 
following the course of certain disease 
states. 

8. Extension of the observations in 
regard to LD activity of body fluids is 
necessary in order to permit definition 
of the limitations and advantages of 
this diagnostic enzyme technique. 
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Le Production de Anticorpore per Subjectos Splenectomisate 


Septe patientes splenectomisate qui previemente habeva essite immunisate 
activemente contra tetano recipeva doses reinfortiatori de toxoide de tetano, e 


lor resultante production de anticorpore esseva mesurate subsequentemente a 
intervallos de un septimana. Esseva notate nulle effecto inhibitori del splenec- 


tomia super le production de anticorpore. 


antitoxina in quantitates considerabile que esseva ben a comparar con le produc- 
tion correspondente in similemente immunisate personas normal. 
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PROMINENCE of the pulmonary seg- 
ment of the cardiac silhouette is a 
characteristic roentgenologic finding 
in persons with rheumatic heart dis- 
ease and mitral stenosis. But the prom- 
inent pulmonary segment does not rep- 
resent an anatomic unit. It is a 
composite border, the length and 
curvature of which may depend upon 
factors other than the size of the 
pulmonary artery. The purpose of this 
study is to isolate from the shadow 
of the cardiovascular silhouette, by 
means of biplane stereoscopic venous 
angiocardiography, the pulmonary ar- 
tery and to relate its size to that of the 
aorta, to pulmonary vascular pressures 
and resistances, to size of the heart, 
to volume of the left atrium and to 
age of persons with rheumatic heart 
disease and mitral stenosis. 


Material and Methods. Twenty-five con- 
secutive persons with rheumatic heart disease 
and isolated mitral stenosis were studied. 


There were 21 females and 4 males, 20 to 
59 years old. Eighteen had normal sinus 
rhythm and 7 atrial fibrillation. All were 
clinically compensated at the time of study. 

The criteria for the diagnosis of isolated 
mitral stenosis and the method of study using 
a combined technique of cardiac catheteriz- 
ation and sequential biplane stereoscopic 
venous angiocardiography have been described 
elsewhere®. We have also published the meth- 
ods used by us to determine the volume of 
the left atrium! and the size of the heart 
(Hilbish and Morgan*). 

The diameters of the aorta and of the 
pulmonary artery were measured on both the 
anterior and left lateral angiocardiograms. 
The measurement was made perpendicular to 
the border of the vessel where the diameter 
was greatest beyond the dilated portion of 
the vessel immediately distal to its origin. For 
the pulmonary artery, this region was usually 
midway between its origin and its bifurcation 
into right and left main branches. For the 
aorta, the measurement was made _ usually 
midway between its root and the take-off 
of the brachiocephalic vessels. Although these 
diameters rarely varied by a millimeter or 
two in the sequential films, the largest 
diameter in any film is given. 


°Supported in part by a grant from the Heart Association of Southeastern Pennsylvania. 
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The lateral diameter was usually larger within a range of 4 sigma (that is, 2 sigma 
and rarely equal to the anterior diameter. In on each side of the computed value). 
the anterior projection, the pulmonary artery : 
is variably foreshortened and frequently over- Results. The data are given in Table 
laps its branches, particularly the left. In 1. The subjects are arranged in the 
this projection, the aorta occasionally overlaps order of increasing diameter of the 


the spine, and the shadows of the ascend- pulmonary artery in the lateral pro- 
ing and descending portions occasionally 


jection. 
fuse. For these reasons, the lateral diameters J S f the findi lati 
are used, although both were measured and cattergrams 0 e hindings relating 
shall be given. the diameter of the pulmonary artery 
80+ ao! got 1000 * 
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Fig. 1.—Scattergrams of diameter of pulmonary artery (PAD) in lateral projection (abscissa ) 

and other parameters (ordinate). PAP is mean pulmonary artery pressure. PCP is mean 

pulmonary wedge pressure. LAV is left atrial oan. TPR is total pulmonary resistance. 
PVR is pulmonary vascular resistance. 


The data were submitted for statistical jn the lateral projection (abscissa ) to 


inalysis to Professor Walter S. Lawton, Head the other parameters are shown in 
of the Department of Mathematics, Temple 


niversity. The best estimate from the ob- Fig 1. 
erved data of the theoretical coefficient of The correlation coefficients are given 
orrelation is known as “r.” For 25 cases, a in Fig. 2 


value of “r” of 0.381 is significant of a rela- a) The diameter of the pulmona 
tionship two variables on the 95% ) P x, 


l-vel and of 0.487 on the 99% level. For 10 —Fhating in the lateral projection varied 
cases, the respective values of “r” are 0.576 from 28 to 50 mm. (average, 37 mm. ). 
and 0.708. The term “sigma.” ‘aan used, b) The diameter of the ascending 


i a mathematical measure of the standard aorte in the lateral projection varied 
eviation of observed values from computed 


\ dues derived from the best linear fit. One from 19 to 45 mm. (average, 33 mm. ). 
«on expect 95% of the observed values to fall c) The diameter of the pulmonary 
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artery was larger than that of the aorta 
in 19, smaller in 4 and equal in 2. In 
the last 6, the diameter of the pulmo- 
nary artery was 40 mm. or less (aver- 
age, 33 mm.) and that of the aorta 
43 mm. or less (average, 35 mm.). 
These six, 25 to 46 years old, had a 
mean pulmonary artery pressure which 
varied from 26 to 55 mm. Hg, a mean 
pulmonary wedge pressure from 10 
to 34 mm. Hg, a left atrial volume from 
351 to 918 ml. and a heart size from 
plus 8 to plus 50%. 

d) The scattergram relating the 
diameter of the pulmonary artery to 
the mean pulmonary artery pressure 
suggested a significant relationship. A 


be linear. The correlation coefficient 
(r = 0.51) indicated a low grade re- 
lationship between these two variables. 

f) The relationship between the 
diameter of the pulmonary artery and 
the difference in mean pulmonary 
artery and wedge pressures was signifi- 
cant (r = 0.722). Sigma was 7.7. This 
value indicated that one could expect 
a wide variation of values of difference 
in pressures for a given diameter of 
the pulmonary artery. 

g) The scattergrams suggested no 
relationship between the diameter of 
the pulmonary artery and the volume 
of the left atrium. Even after inter- 
changing the variables other 
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Fig. 2.—Coefficients of correlation. 


pulmonary artery diameter of 40 mm. 
or more was always associated with a 
variably elevated mean pulmonary 
artery pressure. Mathematical _ tests 
indicated, however, a linear relation- 
ship. The relationship was highly sig- 
nificant (r = 0.765). A sigma of 10.7 
was obtained. This high value indi- 
cated that one could expect a wide 
variation of values of mean pulmo- 
nary artery pressure for a_ given 
diameter of the pulmonary artery 

e) The scattergram relating the 
diameter of the pulmonary artery to 
the mean pulmonary wedge pressure 
likewise suggested a significant rela- 
tionship. A pulmonary artery diameter 
of 40 mm. or more was always asso- 
ciated with a mean pulmonary wedge 
pressure of 22 mm. Hg or more. Yet, 
when mathematically tested for the 
best fit, the relationship was found to 


mathematical tests, no relationship was 
found (r = 0.194). 

h) The scattergrams suggested no 
relationship between the diameter of 
the pulmonary artery and the size of 
the heart. Even with interchange of 
variables, no significant relationship 
was found (r = 0.317). Nor was any 
significant relation found after other 
mathematical testing. 

i) The relationship between the 
diameter of the pulmonary artery and 
the age of the person was only of very 
low grade significance (r = 0.387). 

j) The total pulmonary resistance 
and the pulmonary vascular resistance 
were determined in only 10 cases 
Nevertheless, the correlation coeffhi- 
cient for the total pulmonary resistanc« 
(r = 0.765) suggested a significant 
relationship and for the pulmonary 
vascular resistance (r = 0.55) a ques 
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tionable low grade relationship. How- 
ever, more cases are needed to estab- 
lish with certainty the relationship, if 
any, between these variables. 

Discussion. The characteristic con- 
ventional roentgenologic picture 
rheumatic heart disease with isolated 
mitral stenosis is an inconspicuous 
aortic knob, prominent pulmonary 
segment and enlargement of the left 
atrium. But the precise degree of en- 
largement of anatomic portions of the 
heart and great vessels and their rela- 
tionship to each other cannot be de- 
termined by conventional roentgenog- 
raphy. 

The inconspicuous aortic knob has 
led to the concept that the aorta is 
hypoplastic in rheumatic heart disease 
with mitral stenosis. Our measurements 
indicate that there is no significant 
difference in the size of the aorta in 
this disease from that in the normal. 
The diameter of the aorta in our series 
of patients varied from 19 to 45 mm. 
and in our normals (that is, persons 
without cardiovascular disease) from 
27 to 42 mm. Dotter and Steinberg? 
found the diameter of the aorta to vary 
from 16 to 38 mm., averaging 28.6 
mm., in 100 persons without obvious 
aortic abnormality. Even with correc- 
tion for magnification which may be 
produced by differences in tube to film 
distance, their average is lower than 
either our normal average (33 mm.) or 
the average in our patients with rheu- 
matic heart disease and mitral stenosis 
(33 mm.) none of whose aortas was 
less than 19 mm. in diameter. Indeed, 
21 of the 25 exceeded Dotter and 
Steinberg’s average normal. 

The enlarged pulmonary segment in 
‘heumatic heart disease with mitral 
‘enosis is commonly thought to be due 
large measure to an enlarged pulmo- 
vary artery. In our series of patients, 
‘1e diameter of the pulmonary artery 
varied from 28 to 50 mm., averaging 


37 mm., compared to the diameter of 
the pulmonary artery in our normals 
which varied from 27 to 36 mm., aver- 
aging 29 mm. These last figures may 
be compared with those of Dotter and 
Steinberg who found the diameter of 
the pulmonary artery in normals to 
vary from 20 to 30 mm., averaging 
26.4 mm. Their measurement was ob- 
tained apparently from the lateral pro- 
jection. If 30 mm. is considered the 
top normal diameter of the pulmonary 
artery, 25% of our patients had a pulmo- 
nary artery diameter which did not 
exceed this value. 

Although it is commonly stated that 
the diameter of the pulmonary artery 
increases slightly with age, we have 
been unable to find statistical evidence 
of such change in the adult. Hurwitt* 
found the circumference of the pulmo- 
nary trunk at birth to vary from 10 to 
30 mm. and at 15 to 16 years (2 cases ) 
to be 45 and 70 mm. respectively. The 
diameter of the pulmonary artery, 
therefore, increases with general body 
growth and its subsequent increase 
with age alone has been postulated as 
slight (Dotter and Steinberg? ). 

In our patients with rheumatic heart 
disease and mitral stenosis, a very low 
grade relationship was found between 
the diameter of the pulmonary artery 
and the age of the patient. This finding 
suggests that age may indeed be a 
possible factor, albeit very slight, in 
producing enlargement of the pulmo- 
nary artery. It also suggests that other 
more potent factors operating in rheu- 
matic heart disease with mitral steno- 
sis obscures this relationship. 

The potent factors producing en- 
largement of the pulmonary artery are 
apparently not causing enlargement of 
the heart as a whole or even of the 
left atrium. Mahrer, Lukas and Stein- 
berg’ had previously reported a lack 
of relationship between the planimetri- 
cally determined area of the opacified 
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left atrium and the pulmonary arterial 
cross-sectional area. We had previously 
reported a lack of significant relation- 
ship between the pulmonary vascular 
pressures and the volume of the left 
atrium!®’. It is, therefore, noteworthy 
that the best correlation was found in 
the relationship of the diameter of the 
pulmonary artery and the mean pulmo- 
nary artery pressure. The correlation 
was also good between the diameter 
of the pulmonary artery and the dif- 
ference in mean pulmonary artery 
and wedge pressures and only fair 
with the mean pulmonary wedge pres- 
sure alone. The correlation was better 
with the total pulmonary resistance 
and very low, if any, with the pulmo- 
nary vascular resistance, although these 
last two relationships are based on only 
10 cases. Mahrer, Lukas and Steinberg 
found a low grade relationship be- 
tween the cross-sectional area of the 
pulmonary artery and the pulmonary 
vascular resistance. These findings 
suggest that pulmonary artery pres- 
sure is an important factor in the pro- 
duction of enlargement of the pulmo- 
nary artery but, as previously shown, 
is overshadowed by other factors in 
enlargement of the left atrium. 

Can one then predict the pulmonary 
artery pressure from conventional 
roentgenograms? Such, indeed, has 
been the contention of Davies, Good- 
win, Steiner and Van Leuven’. On the 
other hand, Jacobsen, Schwartz and 
Sussman®, and Schwedel, Escher, 
Aaron and Young* state that the pres- 
ence of pulmonary hypertension but 
not its degree can be predicted from 
the change in the pulmonary artery and 
its branches. Lehman and Curry® 


maintain that the peripheral pulmo- 
nary vessels were normal in conven- 
tional roentgenograms of patients with 
rheumatic heart disease and mitral 
stenosis without heart failure who had 
at operation enormous dilatation of the 
main pulmonary artery. 


Measurement of the diameter of the 
pulmonary artery on the conventional 
roentgenogram is not possible because 
of overlapping anatomic — structures. 
Even estimation of its diameter poses 
difficult if not insolvable problems, for 
this must be based upon an evaluation 
of the pulmonary segment of the car- 
diovascular silhouette. Even in the 
normal, the appearance of this segment 
depends upon the anatomic position 
of the heart. Although usually normally 
concave, the pulmonary segment tends 
to become convex in the vertical 
heart, in scoliosis and in pregnancy, to 
mention but a few situations. 

The pulmonary artery is hidden 
within the pulmonary segment. In the 
normal, it arises anterior, above and 
to the left of the aorta and is parallel 
to the sagittal plane of the body. The 
aorta curves gently to the right. In 
the lateral projection, the pulmonary 
artery, after a variably short vertical 
course, curves poste riorly away from 
the aorta which curves anteriorly, then 
sweeps widely and is finally directed 
posteriorly. Only the left and anterior 
borders of the pulmonary artery are 
not in contact with the aorta. 

The left main branch of the pulmo- 
nary artery partly overlaps the pulmo- 
nary artery and together these form 
the major portion of the pulmonary 
segment. The left border of the pulmo- 
nary artery is always straight. Con- 
cavity of the pulmonary segment in the 
normal, therefore, cannot be due_ to 
the pulmonary artery itself but must 
be due, in the absence of counterclock- 
wise rotation of the heart, either to 
the character of the sweep of its left 
branch (which although posterior t 
the pulmonary artery appears adjacent 
to it in the anterior projection) or t 
prominence of structures above anc 
below it. On the other hand, convexit, 
of the pulmonary segment in the no1 
mal, in the absence of clockwise rota 
tion of the heart, may be due to dé 
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creased prominence of structures above 
or below the pulmonary artery or both, 
to actual increase in size of the pulmo- 
nary artery (which we have never 
seen) or to change in direction of the 
left main branch. 

In rheumatic heart disease with 
mitral stenosis, the pulmonary artery 
at its origin is frequently displaced to 
the left “commonly by the enlarged 
left atrium and also by enlargement of 
the right atrium and ventricle. The 
pulmonary artery then courses oblique- 
ly in contrast to its normal sagittal 
course. This change in direction pro- 
jects the pulmonary artery lateral to 
its left main branch so that it tends 
to form the lower portion of the 
pulmonary segment. If, however, the 
left main branch beyond its origin over- 
laps the pulmonary artery but remains 
lateral to it, the pulmonary segment 
may appear straight rather than con- 
vex. Finally, if the left auricle is un- 
usually large, the pulmonary segment 
may give an illusion of concavity. 

Thus, in our patients, 5 had a con- 
ceve pulmonary segment with the 
pulmonary artery diameter varying 
from 28 to 45 mm., 8 a straight seg- 
ment with the diameter varying from 
29 to 40 mm., and 12 a convex segment 
with the diameter varying from 29 to 
50 mm. Only with great convexity of 
the pulmonary segment in individuals 
with rheumatic heart disease and mitral 
stenosis were we confident that the 
diameter of the pulmonary artery was 
increased. But even here there was no 
linear relation between the degree’ of 
enlargement of the pulmonary artery 
ind the degree of prominence of the 
pulmonary segment. 

Finally, our findings indicate that 
ven direct measurement of the 
liameter of the pulmonary artery from 
ontrast roentgenologic study cannot 

oredict the degree of elevation of the 
oulmonary artery pressure because al- 
‘hough a highly significant linear rela- 
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tionship exists between the diameter 
of the pulmonary artery and the mean 
pulmonary artery pressure, the indi- 
vidual variation is so great that for any 
given diameter the mean pulmonary 
artery pressure varies widely. 

Summary and _ Conclusions. 1. 
Twenty-five consecutive persons with 
rheumatic heart disease and isolated 
mitral stenosis were studied by a com- 
bined technique of cardiac catheteriza- 
tion and sequential biplane steroscopic 
venous angiocardiography to  deter- 
mine the diameter of the pulmonary 
artery and its relationship to that of 
the aorta, to age, and to various 
parameters of heart structure and func- 
tion. 

2. The diameter of the aorta is ap- 
parently normal and is usually less 
than that of the pulmonary artery. 

3. Only a very low grade relation 
was found between the diameter of the 
pulmonary artery and the age of the 
patient. 

4. No significant correlation was 
found between the diameter of the 
pulmonary artery and either the vol- 
ume of the left atrium or the size of 
the heart. 

5. A fair correlation was present be- 
tween the. diameter of the pulmonary 
artery and the mean pulmonary wedge 
pressure. The correlation was_ better 
with the difference in mean pulmonary 
artery pressure alone. 

6. On the basis of 10 cases, a good 
correlation was found between the 
diameter of the pulmonary artery and 
total pulmonary resistance. The corre- 
lation with the pulmonary vascular 
resistance was of questionable low 
grade significance. 

7. Although there is a significant 
linear relationship between the diam- 
eter of the pulmonary artery and the 
mean pulmonary artery pressure, for 
any given pulmonary artery diameter, 
the mean pulmonary artery pressure 
may vary widely. 
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SUMMARIO IN INTERLINGUA 


Le Dimensiones del Arteria Pulmonar in Rheumatic Morbo Cardiac con 
Isolate Stenosis Mitral 


1. Vinti-cinque patientes consecutive con rheumatic morbo cardiac e isolate 
stenosis mitral esseva studiate per un technica combinate de catheterisation 
cardiac e biplan stereoscopic angiocardiographia venose sequential pro deter- 
minar le diametro del arteria pulmonar e le relation inter illo e le diametro del 
aorta, le etate del patiente, e varie altere factores in le structura e le function 
del corde. 

2. Le diametro del aorta esseva apparentemente normal. Usualmente illo 
esseva inferior al diametro del arteria pulmonar. 

3. Esseva constatate solmente un multo basse grado de relation inter le 
diametro del arteria pulmonar e le etate del patiente. 

4. Nulle correlation significative esseva trovate inter le diametro del arteria 
pulmonar e (1) le volumine del atrio sinistre 0 (2) le dimensiones del corde. 

5. Esseva constatate un satis bon grado de correlation inter le diametro del 
arteria pulmonar e le valor medie del pression cuneate pulmonar. Le correlation 
inter le diametro del arteria pulmonar e le differentia inter le valores medie del 
pression del arteria pulmonar e del pression cuneate pulmonar esseva melior. 

6. Super le base de 10 casos, un bon grado de correlation esseva constatate 
inter le diametro del arteria pulmonar e le total resistentia pulmonar. Le 
correlation con le resistentia pulmono-vascular esseva de basse e questionabile 
signification. 

7. Ben que il existe un significative relation linear inter le diametro del arteria 
pulmonar e le pression pulmono-arterial medie, le pression pulmono-arteria! 
medie pro un date diametro de arteria pulmonar pote variar grandemente. 
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EVALUATION OF THE BRONCHODILATOR, CAYTINE (JB-251)° 


By ALAN Lesuigz, M.D. 
ASSISTANT CLINICAL PROFESSOR OF MEDICINE; STAFF PHYSICIAN, 
VETERANS ADMINISTRATION CENTER 


AND 


H. Simmons, M.D., Pu.D. 
ASSISTANT PROFESSOR OF MEDICINE AND PHYSIOLOGY (IN RESIDENCE); 
SECTION CHIEF, AND CHIEF, RESPIRATION UNIT, VETERANS ADMINISTRATION CENTER 


(From Wadsworth Hospital, Veterans Administration Center, and the Department of Medicine, 
University of California Medical Center, Los Angeles, California ) 


Porent bronchodilator activity is a 
property of many N-substituted deriva- 
tives of arterenol. The most important 
of these in current clinical use as 
bronchodilators are epinephrine and 
N-isoproterenol. Recent studies of 
many other N-substituted arterenol 
derivatives (Biel et al.'), have brought 
to light a number of compounds with 
well defined bronchodilator properties. 
Preliminary observations after oral and 
parenteral administration of one of the 
more promising of these, the 2-(3, 4 
methylene-dioxyphenyl )-isopropyl sub- 
stitution, known as Caytine (JB-251), 
demonstrated potent bronchodilator 
action with relative freedom from un- 
desirable cardiovascular effects. Since 
delivery of medication directly to the 
site of desired activity is a guiding 
principle in inhalation therapy, this 
study was conducted to determine the 
clinical response to this compound ad- 
ininistered as an inhaled nebulized 
aerosol. 

Three types of evaluation were used. 
he first was designed to demonstrate 
the degree and persistence of broncho- 
dilator activity of Caytine administered 
clinically by nebulizer in the usual 
manner; the second to compare the 
»ronchodilator activity of equimolec- 


ular quantities of Caytine and isopro- 
terenol; and the third, to observe 
patient acceptance of Caytine adminis- 
tered by a clinic nurse under out- 
patient conditions. 


Method. sens 1. The subjects were 32 
male patients aged 45 to 70, chosen at ran- 
dom from a group exhibiting the chronic 
various degrees of associated bronchospasm. 
They had been well trained as subjects for 
the ventilometric studies which were per- 
formed with the patients in the seated 
position. After control measurements, Cay- 
tine} (1:100) was administered by one of 
the observers from a “Vaponephrin” nebu- 
lizer held at the patient’s mouth. Vigorous 
squeezes of the nebulizer bulb were synchro- 
nized with 5 successive deep inhalations. 
Immediately before and at 5, 30, 60 and 120 
minutes after administration of the medica- 
tion the following observations were made: 
1) inspiratory vital capacity (IVC); 2) ex- 
piratory vital capacity (EVC), total and 
timed at one and three seconds (1” and 3”); 
3) “trapped” air, absolute and expressed as 
percentage of IVC by the inspiratory- 
vital capacity method (Leslie? ). “Trapped” 
air (EE’) represents the difference in expira- 
tory reserve volume when maximal 
expiratory effort is made from (1) the posi- 
tion of normal expiration and (2) the 

sition of maximal inspiration. Normal is 
<2% of the IVC. A decrease indicates a de- 
crease in air trapping; 4) inspiratory and 
expiratory pulmonary airway resistance, by 


°Work supported by Lakeside Laboratories, Inc. 


tSupplied by Lakeside Laboratories, Inc. 
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the airway interruption method (Mead and 
Whittenberger® ). 

SERIES II. Sixteen of the 32 patients in 
Series I were studied separately in order to 
compare the relative bronchodilator effects 
of equimolecular amounts of Caytine and 
isoproterenol. Observations as described under 
Series I were performed immediately preced- 
ing and within 5 minutes following oral in- 
halation of the medication continuously 
nebulized by a 2 to 2.5 L./min. flow of 
oxygen through a “Vaponephrin” nebulizer 
held by the patient before his open mouth 
over a period of about 5 minutes. On one 
day 0.5 ml. of 1:200 isoproterenol diluted to 
1.0 ml. with distilled water was administered. 
On another day 0.35 ml. of 1:100 Caytine 
diluted to 1.0 ml. with distilled water was 
given. Patients were not told what medica- 
tion was being used. Subjective evaluation of 
immediate prolonged — effects — were 
recorded. 

SERIES 11. Twenty-two patients, including 
the above 16, were given Caytine by power 
nebulization as above by a trained nurse- 
therapist. These patients, who had previously 
been receiving other aerosol bronchodilators 
routinely for therapy, were switched to 
Caytine without notifying them of any change 
in medication. The nurse, in addition to 
performing the pre- and post-therapy ven- 
tilometry, noted any unsolicited comments 
by the patients. 

The effects of the drugs were analyzed 
statistically by determining whether the mean 
changes after administration were significantly 
different from zero (P <0.05), using each 
subject as his own control. Time trends were 
evaluated either by comparing these mean 
changes at various times or by analysis of 
variance. In Series II, the effects of the two 
drugs were compared by using analysis of 
variance, classifying by subject and drug. 


Results. Caytine inhaled after man- 
ual nebulization of a 1:100 solution 
produced a significant increase in mean 
inspiratory, expiratory, 1” and 3” vital 
capacities in the 32 patients studied 
(Table 1). Although the increase in 
expiratory reserve and decrease in 
trapped air ratio were not of statistical 
significance, the changes were in the 
direction of improvement. All changes 
were statistically constant over the 2- 
hour period of observation. Individual 
exceptions to the mean changes were 


noted in several cases. Three patients 
showed a decreased IVC. Two of these 
and one other showed a decreased 
EVC. Six patients had a decreased 1” 
VC. On the other hand, 5 patients 
showed rather striking indications of 
decreased air trapping, although the 
mean change was not statistically 
significant. 

In the second series, when isopro- 
terenol was administered by oxygen 
power nebulization to 16 of the pa- 
tients there was no significant imme- 
diate (5 minutes ) mean change in IVC, 
EVC, 1” EVC, 3” EVC, expiratory re- 
serve, or trapped air ratio (Table 2). 
However, all mean changes, while not 
statistically significant — individually, 
were in the direction of improvement, 
the lack of significance being due to 
marked individual variation. Again, in 
certain isolated instances, marked im- 
provement was noted. Four of the pa- 
tients showed striking improvement in 
IVC. Three, including two of these 
four, showed striking improvements in 
1” and 3” EVC. Four showed greatly 
increased expiratory reserve, and 5 
showed marked decrease’ in air 
trapping. 

When Caytine was similarly admin- 
istered in equimolecular dosage, there 
was a statistically significant improve- 
ment in all the modalities tested. Six 
individual patients showed important 
increases in IVC and 9 in EVC, with 
corresponding improvement in 1” and 
3” EVC. Four patients showed im- 
provement in expiratory reserve and 6 
showed marked decrease in air trap- 
ping. The subjective responses were 


.not entirely consistent with the ob- 


jective comparison of the drugs. Eight 
preferred isoproterenol, 4 patients pre- 
ferred Caytine, and 4 patients had no 
preference. 

It would, therefore, appear that i 
general the objective results following 
Caytine administration were mor 
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consistently favorable than those fol- 
lowing isoproterenol, although this was 
not corroborated by the subjective re- 
sponse. It must be stated, however, 
that because of the variation in indi- 
vidual patient reactivity, the benefits 
must be considered on an individual as 
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well as a group basis because, although 
many patients appeared to perform 
better after Caytine, others did “better” 
after isoproterenol. 

Pulmonary airway resistance was 
significantly reduced by Caytine (for 
30 to 60 minutes ) but not by isoprotere- 


TABLE Lo VENTILOMETRIC CHANGES FOLLOWING ADMINISTRATION 
OF NEBULIZED CAYTINE 


Mean Change from Control 


Control 5 min. 3O min, 60 min. 120 min. 
Insp. Vital Cap. (ml.) 2249 +306* +331* +270* +282* 
s.D. 120 63 67 56 59 
© change. + 13.6 + 14.7 + 12.0 + 12.5 
Exp. Vital Cap. (mi. ) 2016 +$47* +253 +259" +223 
S.D. 117 62 50 81 
‘) change + 17.2 + 12.5 + 12.8 + 11.1 
1” Exp. Vital Cap. 666 +131" +103* + 98* +117* 
s.D. 32 45 30 43 54 
change + 19 7 + 15.5 + 14.7 + 176 
3” Exp. Vital Cap. (ml. 1282 +275* +166" +162* +160* 
s.D : 73 48 47 37 51 
change + 21.5 + 12.9 + 12.6 + 12.5 
Exp. Reserve (ml. ) 752 + 638 + 92 +147 +175 
s.D. : j 72 46 53 37 66 
) change + 8.4 + 12.2 + 19.5 + 28.3 
EE’ IVC 1004 13.0 26 1.3 A 0.8 
s.D. 19 
change 20.0 10.0 85 62 


* Statistically significant difference from control values. (P< 0.05) 


+ See section on Method. 


Standard deviations are for means, rather than for individual measurements. 


TABLE 20 VENTILOMETRIC CHANGES IMMEDIATELY (5 MINUTES) AFTER 
ADMINISTRATION OF ISOPROTERENOL AND CAYTINE 


Isoproterenol Caytine 


Control 
Insp. Vital Cap. (ml). 2145 
S.D. 555 
change 
Exp. Vital Cap. (ml.) 2012 
s.D. ot 

" Exp. Vital C: ap. (ml.) 645 
S.D. 345 
change 
3” Exp. Vital Cap. (ml.) . 39a 
S.D. 394 
“> change 
Exp. Reserve (ml.) 730 
272 
change 
EE’/IVC x 100 ; 8.0 
sS.D. be 7.6 


“> change 


Mean change 


Mean change 


after drug Control after drug 
+41 2004 +125* 
6S 48 
+19 + 62 
+81* 1863 +224* 
49 638 
+ 4 + 12.0 
+46.7* 590 + 62* 
22.5 55 
+ 7.2 + 10.5 
+93* 1204 +151* 
28 34 
+76 + 12.5 
+52 787 + 78 
67 48 
+ 7.1 + 9.9 
1.0 11.16 
24 2.4 
12.4 36.2 


* Statistically significant change from control (P< 0.05). 
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nol. There was wide variability in 
results, however, so drawing conclu- 
sions from them concerning the rela- 
tive efficacy of the two drugs does not 
appear to be justified. In the case of 
chronic pulmonary disease, the v validity 
of the method used is open to question 
and is now the subject of a separate 
study. 

In the third series, 13 of the 22 
patients treated by the clinic nurse had 
no comment when their medication was 
switched to Caytine. Two complained 
of transitory mild vertigo; one of these 
noted dryness of his throat. Seven pa- 
tients commented variously, to the 
effect that the medicine went “deeper, 

“the phlegm came up easier,” “the chest 
felt better,” “they could walk farther, 
“they required less hand nebulizer.” 

No toxic or idiosyncratic reaction or 
significant unpleasant effect was noted 
during the entire study of Caytine. 

Discussion. In the inhalation treat- 
ment of bronchospasm by aerosolized 
bronchodilators only two compounds 
are in general clinical use. These are 
the adrenergic drugs epinephrine and 
isoproterenol, used either alone or in 
combination with anticholinergic and 
antihistaminic compounds. Since it is 
known that the responses of any ng 
individual varies from drug to drug, i 
is desirable that as many pte Aa 
bronchodilators as possible be available 
for trial. It is also mandatory that the 
drugs be relatively free of side effects. 


This study suggests that aerosol Cay- 
tine does have significant and_rela- 
tively prolonged bronchodilator —ac- 
tivity; that this effect is on the average 
at least equal to that of N-isoproterenol; 
and that it is relatively free of side 
effects. The results of this study, how- 
ever, do not in any sense suggest that 
Caytine should replace isoproterenol 
in the bronchodilator armamentarium. 
The latter was more effective for some 
individuals and Caytine produced mild 
subjective side effects in some others, 
demonstrating the typical variability 
of individual patient response to var- 
ious bronchodilator substances, as well 
as the variable prominence of the so- 
called “side” effects of potent adrener- 
gic drugs. Because it is impossible to 
predict which drug will be best for the 
individual patient, it is advisable that 
patients requiring bronchodilator aero- 
sols be given a trial of several such sub- 
stances before a definitive choice is 
made. In addition, patients who have 
apparently lost their reactivity to one 
bronchodilator should be given a trial 
with others. By the same token, it is 
also important that there should be a 
continual search for new broncho- 
dilators. 

Conclusion. Caytine has clinical 
value of enough significance to warrant 
its inclusion in the armamentarium ot 
bronchodilator aerosols, along with 
epinephrine and isoproterenol. 


REFERENCES . 
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SUMMARIO IN INTERLINGUA 


Evalutation del Bronchodilatator Caytina (JB-251) 


Caytina es de valor clinic sufficientemente significative pro justificar su inch 
sion in le armamentario de aerosoles bronchodilatatori al latere de epinephrin 
e isoproterenol. 
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DISCREPANCY OF FINGERTIP AND EAR LOBE LEUKOCYTE COUNTS 
IN RAYNAUD'S DISEASE 


By |. W. Czaczkes, M.Sc., Pu.D., M.D. 
ASSISTANT PHYSICIAN 


AND 


F. Dreyruss, M.D. 
ASSOCIATE PROFESSOR OF MEDICINE 


(From the Department of Medicine ‘A’, Rothschild Hadassah University Hospital and the 
Hebrew University Hadassah Medical School, Jerusalem, Israel ) 


IN January, 1956, a young man 
(C.M.) entered our department. suf- 
fering from Raynaud’s disease. His 
fingers, even after the slightest expo- 
sure to cold, became cyanotic. A rou- 
tine leukocyte count showed 14,000 
cells per c.mm. As there was no evi- 
dent reason for this leukocytosis, a 
control count was performed which 
revealed the same result. The count 
was then repeated a third time, but 
this time blood was taken from the 
ear lobe as well as from the fingertip. 
The count from the ear lobe was 7,000 
white cells, from the fingertip, how- 
ever, nearly 14,000 per c.mm. 

Since this discrepancy in the white 
cell count was surprising, the follow- 
ing studies were undertaken, in order 
to determine whether a difference in 
leukocyte count such as found in this 
case occurs as a rule in Raynaud's dis- 
ease, and whether a similar phenome- 
non could be observed in other pe- 
ripheral capillary disorders. 


Technique and Material. In patients suf- 
fering from Raynaud’s disease and other 
peripheral capillary disorders a white cell 
count and blood smear were taken from the 
car lobe and immediately afterwards from 
on affected finger. Such a double count was 
carried out in a state of impaired circulation 
and again when normal circulatory condi- 
tions prevailed. For this purpose, we some- 
tines had to induce an attack of vascular 
(isturbance by immersing a finger in cold 


water or to restitute normal circulation by im- 
mersing it in warm water. A number of control 
individuals were examined as well. Special 
care was taken to obtain the blood without 
even the slightest squeezing. All the counts 
were done by one of us (J.W.C.). 


Results. Results of the various white 
cell counts as taken from ear lobe and 
fingertips are presented in Table 1. 
For the sake of convenience, only one 
count from the ear lobe is given for 
the two “finger-counts,” although for 
each “finger-count” an “ear lobe count” 
was taken. There was no significant dif- 
ference between the two “ear lobe 
counts.” 

As the Table shows, all 7 cases of 
Raynaud's disease exhibited the same 
changes in the leukocyte count, that is, 
a high white cell count in blood taken 
from the cyanotic finger as compared 
with the ear lobe. This high count is 
produced by a rise in the number of 
mononuclear leukocytes (lymphocytes 
and monocytes), while the absolute 
number of granulocytes remains un- 
changed. 

Similar results were obtained in 
people suffering from severe frostbite, 
in one patient with phosphorus poison- 
ing, with subsequent lethal outcome, 
who had developed intense acrocya- 
nosis of fingers and toes, in a case of 
ergot poisoning, and in a case of 
severe impairment of the peripheral 
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circulation in a patient suffering from 
cardiac failure, with fatal outcome. One 
patient (A.D.) with severe frostbite 
also suffered from acute tonsillitis. His 
“normal” count as taken from the ear 
lobe as well as from an_ unaffected 
finger, showed a mild leukocytosis with 
shift to the left. In blood taken from 
the cyanotic finger the same increased 
absolute number of granulocytes was 
found, but accompanied by a con- 
siderable rise in mononuclear cells, 
that is, the same difference could be 
observed as in nonfebrile patients, but 
the basic level of granulocytes was 
higher. 

Normal control cases, as well as a 
patient with peripheral vascular occlu- 
sion, and one in congestive cardiac fail- 
ure showed no significant “ear lobe- 
fingertip” differences in white cell and 
differential counts. 

In the following two cases we had 
the opportunity to repeat our exami- 
nation after treatment and subsequent 
clinical improvement. 

Case Reports. cask 1. C.M., an 18-year- 
old man, our original case with Raynaud's 
disease, experienced very marked clinical 
improvement when taking a daily dose of 100 
mg. of chlorpromazine. After a month of 
taking the drug it was impossible to provoke 
a typical Raynaud’s ak aan by immer- 
sion of his hands in cold water. Corres- 
ponding with this clinical improvement, white 
cell counts from the ear lobe and previously 
affected fingers were practically identical 
before and after immersion of his hands in 
cold water. 

cAsE 2. J.F., a 40-year-old man suffering 
from severe frostbite, improved considerably 
ifter a course of shortwave treatments. While 
previously a white cell count of 14,300 leuko- 
vytes had been obtained from his affected 
linger as compared with 8,800 from the 
unaffected finger, the two counts became 
wractically equal after treatment. 


Discussion. Upon rather thorough 
verusal of the pertinent literature we 
‘iiled to find the description of the 
cceurrence of an increased white cell 
count or of lymphomonocytosis when 
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the count is taken from an affected 
finger in peripheral vascular disorders 
of the types examined here. We ex- 
amined the charts of patients with 
Raynaud’s disease admitted to our hos- 
pital as to their routine blood counts, 
and found that out of 12 = cases, 
two at that time had had a high white 
cell count together with 
cytosis without any apparent reason. 

As to the mechanism of this phe- 
nomenon a number of possibilities 
might be considered: Mononuclear 
leukocytes apparently accumulate and 
may coat the intima of the constricted 
vessels. Whether this might be due 
to an increased stickiness of these cells 
under the anoxic conditions prevailing, 
or to altered circulation, or even to 
some mechanical factor such as 
changed surface tension between two 
phases, is at present purely a matter 
of conjecture. It was, therefore, with 
considerable interest that we noted 
Daland and her co-workers’ recent 
observation of an elevated white cell 
count as taken from the ear lobe in 
patients suffering from subacute bac- 
terial endocarditis. Whereas here the 
ear lobe contains the larger number of 
white cells as compared with the 
fingertip, it seems remarkable that this 
local surplus again consists of mono- 
nuclear cells. These workers tentatively 
explain their finding by assuming a 
greater and “selective filtering capacity 
of the vascular bed of the ear lobe.” 
We feel that analogous conditions may 
well prevail in the small blood vessels 
of the fingertips during attacks of 
Raynaud’s disease or allied disturb- 
ances. 

Summary and Conclusions. 1. White 
cell counts were taken from a cyanotic 
finger during attacks of Raynaud's dis- 
ease in 7 patients, in 5 cases of severe 
frostbite, one of acute phosphorus 
poisoning with extreme acrocyanosis, 
one of ergot poisoning, and one of 
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peripheral vascular occlusion. These 
counts were significantly high as com- 
pared with white cell counts taken 
from the ear lobe and unaffected finger 
of the same individual at almost the 
same time. 

2. Shortly after circulation had re- 
turned to normal either spontaneously 
or as a result of therapy, this difference 
practically disappeared, and the count 
from the affected finger became normal. 

3. The rise in the white cell counts 
as described above seems to be due to 


(monocytes and lymphocytes), the 
number of granulocytes in absolute 
figures being unchanged. 

4. A case of considerable improve- 
ment of Raynaud's disease in the course 
of chlorpromazine treatment is briefly 
described. 

5. It is concluded that a white cell 
count taken from an affected finger 
during an attack in a patient suffering 
from Raynaud's disease or a Raynaud- 
like condition, cannot be considered 
as being representative of his periph- 


an increase in mononuclear leukocytes eral white cell count in general. 
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SUMMARIO IN INTERLINGUA 


Discrepantia Inter le Numeration Leucocytic in Specimens ab le Puncta 
del Digito e ab le Lobo del Aure in Morbo de Raynaud 


1. Numerationes leucocytic esseva obtenite ab un digito cyanotic in cata un 
de 15 patientes, incluse 7 con attaccos de morbo de Raynaud, 5 con sever 
perniones, 1 con acute invenenamento per phosphoro con extreme grados de 
acrocyanosis, 1 con invenenamento ergotic, e 1 con occlusion vascular peripheric. 
Iste numerationes esseva significativemente elevate in comparation con numera- 
tiones leucocytic obtenite ab le lobo del aure o un non-afficite digito del mesme 
individuo a quasi le mesme tempore. . 

2. Brevemente post que le circulation habeva redevenite normal, 0 spon- 
taneemente o como resultato del therapia, iste differentia dispareva quasi 
completemente, e le numeration in le digito afficite deveniva normal. 

3. Le supra-describite augmento del numeration leucocytic pare resultar de 
un augmento del leucocytos mononucleari (i.e. del monocytos e lymphocytos ), 
durante que le numero absolute del granulocytos remane constante. 

4. Es presentate un breve description de un caso de morbo de Raynaud que se 
meliorava considerabilemente in le curso de un tractamento con chlorpromazina. 

5. Es concludite que un numeration leucocytic ab un digito afficite per un 
attacco de morbo de Raynaud o per un condition simile a morbo de Raynaud 
non pote esser considerate como representante le numeration leucocytic peripheric 
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THE ROLE OF CERTAIN NEURO-HUMORS IN EXPERIMENTAL 
HYPERTENSION 


By Perer H. Buiie, M.D., L.M.C.C. 


ASSISTANT PROFESSOR OF PHARMACOLOGY, GEORGETOWN UNIVERSITY 
SCHOOL OF MEDICINE, WASHINGTON, D.C. 


Recenr research on the possible 
origin of essential hypertension indi- 
cates that the arteriolar constriction, 
characteristic of the disease, may be 
due to psychogenic factors (Moses, 
Daniels and Nickerson®). Most investi- 
gators suspect the cortex to be the site 
of psychic precipitation, and stimuli 
originating there to act upon the hypo- 
thalamus, which in turn may induce 
excessive sympathetic discharge. Corti- 
cal impulses could be mediated in two 
different ways: 1) via the nerve- 
connections, 2) via the humoral system. 
The existence of a neural pathway has 
been firmly established (Solnitzky’), 
but it remains still to be determined 
whether humoral impulse-transmission 
may take place as well. 

uyporueEsis. Hypothetically, brain- 
cell activity may lead to the release of 
certain chemicals, analogous to the 
elaboreted by stimulated pe- 
ripheral nerves. These biologically ac- 
tive agents would be discharged into 
the cerebrospinal fluid, which, flowing 
in a downward direction, would carry 
them to the hypothalamus. Such a 
process might be compared to the 
~Vagusstoff’-release transmission 
of Loewi’s classical experimental 
de sign*. 

As there are several agents known to 
be present in the cerebral tissues, it 
nay be assumed that they act in- dif- 
‘erent ways upon the hypothalamic 
centers. If a biological humor is found 
‘) stimulate the hypothalamus in such 

way as to cause arteriolar constric- 
tion, the resulting hypertension could 


be due either to excitation of the 
sympathetic vasoconstrictors, or to 
adrenal epinephrine and norepineph- 
rine release or else to a combined effect 
of both. 

In order to determine (a) whether 
the hypothalamus responds to active 
agents contained in the cerebrospinal 
fluid bathing the cortex and (b) to 
what extent adrenal medullary activity 
is contributory to blood pressure ele- 
vation, the following experiments were 
carried out. 


Method. Thiopental sodium anesthetized 
dogs, weighing approximately 5 kg. were 
used. One milliliter each of acetylcholine, 
epinephrine, serotonin or histamine (dissolved 
in isotonic saline) was injected in varying 
doses into the subarachnoid space of each 
animal via a hollow tube, air-tightly screwed 
into the temporal bone near the sagittal 
suture. After 1 minute, 1 ml. of fluid was 
withdrawn from the site of injection to 
climinate volume effects. Intracranial as well 
as femoral arterial blood pressures were con- 
tinually recorded (by kymograph). 

The same procedure was followed after 
(a) bilateral cervical vagotomy, (b)  ex- 
tirpation of the superior cervical ganglia, (c) 
complete cervical sympathetic ganglionectomy 
and sectioning of the suboccipital spinal cord 
(with artificial respiration), (d) bilateral 
adrenalectomy, and (e) complete pharma- 
cological ganglionic blockade (obtained 
through intravenous administration of 10 
mg./kg. hexamethonium ). 

For the controls, equal amounts (1 ml.) 
of isotonic saline solution were injected into 
the subarachnoid space and withdrawn after 
1 minute. Acetylcholine, epinephrine, sero- 
tonin and histamine were also injected intra- 
venously (1 to 10 gamma) before and after 
each experiment in order to determine their 


peripheral effects. 
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Results. Acetylcholine injected into 
the subarachnoid space in doses of 1 
or 10 gamma did not alter; injected in 
doses of 100 or 1,000 gamma caused 
a fall in blood pressure in approxi- 
mately 70% of the animals, while 30% 
did not show significant changes. 
Epinephrine, serotonin and histamine, 
administered in doses higher than 100 
gamma, markedly elevated the blood 
pressure in all animals. 

After bilateral cervical vagotomy, 
acetylcholine administered in doses 
from 500 to 1,000 gamma elevated the 
blood pressure. In lower dosage ranges, 
no significant changes could be ob- 
served. The pressure effect of epineph- 
rine, serotonin and histamine, again in 
doses from 500 to 1,000 gamma, was 
greatly enhanced. 

After extirpation of the superior cer- 
vical ganglia, the injection of acetyl- 
choline in doses from 500 to 1,000 
gamma caused precipitous fall in 
blood pressure, in one instance leading 
to the sudden death of the experi- 
mental animal. The hypertensive effect 
of epinephrine, serotonin and histamine 
in dosage ranges from 500 to 1,000 
gamma was markedly diminished. 

After cervical sympathetic ganglion- 
ectomy and sectioning of the suboccipi- 
tal spinal cord, acetylcholine in doses 
from 100 to 500 gamma _ induced 
marked bradycardia and shock. Epi- 
nephrine, serotonin and histamine in 
doses of 1,000 gamma did not change 
the blood pressure. 

After bilateral adrenalectomy, acetyl- 
choline in doses from 100 to 1,000 
gamma had a more pronounced hypo- 
tensive effect than in the intact animal. 
Epinephrine in doses from 500 to 1,000 
gamma still caused a strong pressure 
increase (slightly weaker, though, than 
in the intact animal), whereas sero- 
tonin and histamine in the same dosage 
range lowered the blood pressure. 

After intravenous hexamethonium 
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administration, accompanied by the ex- 
pected fall in blood pressure, none of 
the four agents under investigation was 
capable in any dosage (centrally in- 
jected) of changing the blood pressure 
in the intact animal. 

In all experiments, the intracranial 


pressure was found to undergo: no other 


changes than those observed in the 
controls. 

The controls showed that subarach- 
noid injection of 1 ml. saline solution 
elevated the intracranial pressure by 
less than | mm. Hg for only 1 minute 
without affecting the blood pressure 
at all. Intravenous injection of acetyl- 
choline, epinephrine, serotonin and 
histamine elicited the expected re- 
sponses in all cases. 

Discussion. The foregoing study was 
undertaken with full appreciation of 
the many differences existing between 
spontaneously occurring and experi- 
mentally induced hypertension. The 
methods employed constitute an_at- 
tempt to simulate pathological condi- 
tions that may possibly play a role in 
the development of “cerebrogenic” hy- 
pertension. For this reason, only such 
agents were investigated as are nor- 
mally present in brain tissues (Amin, 
Crawford and Gaddum!'). To rule out 
experimental errors resulting from 
mutually antagonistic actions, the four 
agents were injected in alternating 
sequence. Although relatively high 
concentrations of each chemical were 
necessary to elicit significant blood 
pressure responses, it may be assumed 
that the actual quantities reaching the 
autonomic centers were considerably 
smaller than those administered for 
the following reasons: 1) the site of 
injection was distant from the effector 
organ, 2) before reaching that organ, 
a certain amount of the agent could 
well have been metabolized, 3) the 
agent was allowed to freely diffuse, and 
4) some of it was contained in the 
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fluid withdrawn after 1 minute. The 
injections were made into the sub- 
arachnoid space (a) to assure that the 
chemicals enter that part of the cere- 
brospinal fluid which bathes the cortex, 
and (b) to avoid trauma to brain 
tissue. Light thiopental sodium anes- 
thesia was used in all experiments, as 
this anesthetic in low dosage has very 
little, if any, effect upon the sympa- 
thetic ganglia (Larrabee and Holaday*). 

The blood pressure changes result- 
ing from central injection of the 4 
agents seem to support the hypothesis 
that humoral stimulation of the hypo- 
thalamus is possible. An alternate in- 
terpretation of these results, which 
might attribute the blood pressure 
changes to peripheral action of the 
humors (after their crossing of the 
brain-blood barrier) appears unlikely, 
as the presence of acetylcholine and 
histamine in the peripheral blood 
would induce hypo- rather than hyper- 
tension. 

The results obtained from intra- 
cranial administration of acetylcholine, 
before and after bilateral sectioning of 
the cervical vagus, suggest that the 
sympathetic as well as the parasympa- 
thetic hypothalamic centers can be 
excited by this agent. 

The finding that extirpation of the 
superior cervical ganglia enhanced the 
hypotensive effect of subarachnoid- 
administered acetylcholine while mark- 
edly diminishing the hypertensive effect 
of the other 3 agents, points to the 
importance of these ganglia in “cere- 
brogenic” hypertension. 

The absence of hypertensive reac- 
tions from subarachnoid administration 
of epinephrine, serotonin and_hista- 
mine, after complete surgical discon- 
nection of the hypothalamus from the 
peripheral part of the sympathetic 
nervous system, indicates that the 
pressure impulses in the intact animals 
must have been mediated through the 
sympathetic chains. 


The different degree of hypotensive 
response to centrally administered 
acetylcholine, observed in the intact 
and in the adrenalectomized animals, 
indicates that the epinephrine-norepi- 
nephrine release from the adrenal 
medulla plays an important role in the 
blood pressure regulation. The hyper- 
tensive response of the adrenalecto- 
mized animals to centrally acting epi- 
nephrine confirms the fact that the 
sympathetic nerves, which supply the 
arteriolar walls, carry adrenergic fibers 
originating in the hypothalamus. 

The finding that subarachnoid- 
injected serotonin and histamine are 
capable of elevating the blood pressure 
in the intact animal seems to support 
the theory of the existence of serotonin- 
and histaminergic-fibers in sympathetic 
nerves (von Euler?). The absence of 
this hypertensive effect after adrenal- 
ectomy or complete surgical disconnec- 
tion of the hypothalamus from the 
sympathetic chains suggests that these 
fibers may play a role in the impulse 
transmission from the autonomic 
centers to the adrenal medulla. The 
observation that epinephrine-induced 
hypothalamic activity leads to hyper- 
tensive responses in the adrenalecto- 
mized animal, while serotonin- and 
histamine-induced stimulation lowered 
the blood pressure, seems to indicate 
that the serotonin- and histaminergic- 
fibers may have only limited functions 
within the sympathetic nervous  sys- 
tem. It further seems to support the 
theory that serotonin affects the 
central parasympathetic centers (Shore 
and Brodie® ). 

Summary. In dog experiments, the 
blood pressure effects of acetylcholine, 
epinephrine, serotonin and histamine, 
injected into the subarachnoid space, 
were recorded. It was found that 
acetylcholine given by this route is 
predominantly hypotensive, whereas 
the other 3 agents elevate the blood 
pressure. After bilateral adrenalectomy, 
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serotonin and histamine, intracranially 
administered, did not cause any rise 
in blood pressure, whereas epinephrine 
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pertension, (b) the superior cervical 
ganglia are of importance in the medi- 
ation of hypothalamic pressure im- 


did. 

It was suggested that (a) humoral 
stimulation of the hypothalamic centers 
may play a role in “cerebrogenic” hy- 


pulses, (c) the sympathetic pathway 
from the hypothalamus to the adrenal 
medulla contains serotonin- and_his- 
taminergic-fibers. 
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SUMMARIO IN INTERLINGUA 
Le Rolo de Certe Neuro-Humores in Hypertension Experimental 


Esseva registrate in experimentos con canes le effectos exercite super le 
pression sanguinee per le injection in le spatio subarachnoide de acetylcholina, 
epinephrina, serotonina, e histamina. Esseva constatate que acetylcholina, assi 
administrate, es predominantemente hypotensive, durante que le altere 3 agentes 
augmenta le pression del sanguine. Post adrenalectomia bilateral, le administration 
intracranial de serotonina e histamina non causava ulle augmento del pression 
sanguinee. Epinephrina, assi administrate, remaneva hypertensive. 

Es suggerite (a) que le stimulation humoral del centros hypothalamic ha 
possibilemente un rolo in hypertension “cerebrogene,” (b) que le gangliones 
supero-cervical es importante in le mediation del impulsos hypothalamic de 
pression, e (c) que le via sympathic ab le hypothalamo verso le medulla adrenal 
contine fibras serotoninergic e histaminergic. 
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GIANT CELL TUMOR OF BONE 
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“One swallow maketh not a summer.” 
Proverbes of John Heywood (1546). 


“Oddly enough, tumors containing them 
(tumor giant cells) are rarely or never spoken 
of as giant celled.” 

Mallory, Journal Medical Research, 
Vol. 24, 1911. 

In 1940, Henry L. Jaffe and his co- 
workers’, couching the lances of astute 
clinical observation and critical dis- 
cernment in matters pathological, 
quixotically advanced against the 
problem of giant cell tumor of bone. 
Their plan of approach (to divide and 
conquer) was militarily sound; their 
purpose simple, to strip their subject of 
its acquired shield of confusing, though 
generally innocuous, imitators. 

To achieve this end, Jaffe, to whom 
the delineation (at least on a practical 
basis) of pathological entities of bone 
has become almost second nature, 

‘arefully outlined the characteristic 
attributes of giant cell tumor. At the 
same time he described (in terms later 
to be more carefully assessed) what he 
referred to as “the whole theoretic 
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superstructure of giant cell tumor 
variants which has been built up 
mainly to encase such lesions some- 
how in the same category. 

Some ten years later the publication 
of a symposium in the Journal of Bone 
and Joint Surgery® appare ntly con- 
strained Lichtenstein™, who had been 
associated with Jaffe in the original 
publication, to write as follows: “It 
seems equally clear, from the articles 
cited, and from many others in the 
recent literature, that some of the per- 
tinent advances of the past ten years 
have not, as yet, been fully assimilated, 
and that a good deal of uncertainty 
still prevails in regard to the clinical 
and pathological recognition of genu- 
ine giant cell tumor, which must be 
dispelled before observations in regard 
to the efficacy of treatment are to have 
much significance.” 

HISTORICAL REVIEW. The popularity 
of giant cell tumor as a subject for 
discussion in current and recent litera- 
ture tends to belie the recorded age 
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of the lesion as an established entity. 
In the 140 years which have elapsed 
since Sir Astley Cooper’s* original 
description, a variety of names have 
tended to reflect changing and fre- 
quently conflicting opinions concerned 
with its histogenesis, neoplastic nature, 
and relationships to the reparative and 
remodelling processes of normal bone. 

Although Lebert*, in 1845, had, in 
the course of a detailed description of 
the condition, drawn attention to the 
multinucleated and supposedly mye- 
loid giant cells, the term “myeloid 
sarcoma” was, some 10 years later, first 
introduced by Sir James Paget, because 
of the naked eye resemblance of the 
tumor to red marrow. This term was to 
remain popular for more than half a 


century. Nelaton'*, in 1860, writing 
“dune nouvelle espece de tumeurs 
benignes des os, ou  tumeurs a 


myelopaxes,” lent further weight to the 
suppose ‘diy myelogenous origin of the 
lesion, and declared himself in favor 
of its essentially benign nature. He 
did, however, concede that the prog- 
nosis became less certain in instances 
in which the tumor stroma had assumed 
a predominantly spindle character. 
The concept introduced by Koelliker 
us early as 1889, that osteoclasts 
and osteoblasts were closely related, 
and possibly functional variants of the 
same cell, was not only of extreme 
interest in view of subsequent develop- 
ments, but carried with it the corollary, 
that, were the concept accurate, 
“myeloid sarcoma” was indeed a mis- 
nomer, and, as admitted by Stewart", 
“osteoclast sarcoma would be the 
obvious title arising out of the hypothe- 
sis set forth.” Old names, however, like 
old habits, die hard, and the above 
quotation was recorded in a paper by 
Stewart entitled “The Histogenesis of 
Myeloid Sarcoma” delivered more than 
three decades following Koelliker’s 
suggestion. In this, and in an earlier 
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paper by Stewart"®, there are numerous 
points of interest to a modern student 
of this disease. In the earlier paper 
the then current concepts of the lesion 
are discussed and particular mention 
is made of the strenuous efforts by 
Bland-Sutton? and Bloodgood* to have 
the lesion removed from the general 
group of sarcomata with which it had 
previously been grouped. To this end, 
Bland-Sutton, showing obvious _pref- 
erence for the newly coined term 
“myeloma” wrote as follows: “A close 
study of the myelomata shows that 
they differ histologically, pathologically, 
and clinically, from the sarcomata with 
which they have hitherto been 
grouped.” Contemporaneously, Blood- 
good lent his support in a paper pre- 
sented before The American Surgical 
Association: “Up to the present time 
we have no proof that the pure giant 
cell sarcoma ever metastasizes. It is 
a question, therefore, whether it should 
be called a sarcoma.” 

Stewart, on the other hand, while 
agreeing to the essentially locally ma- 
lignant nature of the lesion, was loath 
to dismiss, in such an unequivocal 
fashion, the possibility that, on occa- 
sion, frank malignancy might occur. 
His paper, which is concerned _pri- 
marily with an analysis of some 50 
cases of myeloid sarcoma, is, in the 
light of modern concepts of age in- 
stance, of interest, in that, of the 50 
cases, none were reported in long bones 
below the age of 20 years. The 18 
cases which occurred below that age 
were jaw lesions, and would today 
probably fail to pass the more rigid 
diagnostic criteria acceptable to most 
authorities. 

CHRONIC NONSUPPURATIVE HEMOR- 
RHAGIC OSTEOMYELITIS. Despite changes 
in names, and lengthy arguments con- 
cerned with histogenesis, the giant 
cell lesion of bone had, for nearly a 
century, enjoyed, unchallenged, the 


reputation of a neoplasm. In 1913, 
Barrie’, in an article entitled “Chronic 
Non-suppurative Haemorrhagic Osteo- 
myelitis” wrote as follows: “It (giant 
cell tumor) should be in the g group of 
surgical diseases classified with the in- 
flammations or granulomata.” And 
later, “We may conclude that the 
presence of numerous giant cells is 
an evidence of a low-grade inflamma- 
tory process at which efforts of regen- 
eration are taking place coincident 
with their presence in tissues.” 

When the clinical evidence cited in 
Barrie's paper is ex xamined, it is, in 
retrospect, difficult to comprehend the 
popularity which his hypothesis en- 
joyed in certain circles even briefly. Of 
the 3 cases which he cites, the material 
from only one was subjected to micro- 
scopic examination, and the second of 
the 3 case histories with which he sup- 
ports his contentions ends as follows: 
“Patient considered clinically cured. 
X-ray taken two days later shows very 
clearly the lesion in the acromial end 
of the right ulna.” 

The rapid marshalling of opinion 
against Barrie’s hypothesis was the 
result, not of any desire to limit aca- 
demic discussion, but, rather, because 
of the radical alteration in treatment 
which such a concept would carry as 
an inevitable corollary, and which, in- 
deed, Barrie himself advocated. 

“The treatment, generally, of chronic 
non-suppurative hemorrhagic  osteo- 
myelitis should be cperative, the oper- 
ation including only the removal of 
unhealthy and excessive granulation 
tissue and inflammatory debris. The 
early treatment by fixation in plaster 
of Paris dressing may be effective, the 
part being put at absolute rest.” 

In 1922, Stewart published a scath- 
ing denunciation of the teachings of 
Barrie and his co-workers, drawing 
attention to the tenuous nature of the 
clinical evidence with which the 
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latter's hypothesis was supported, and 
branding as mischievous his suggested 
regimen of treatment. 

At the same time, while supporting 
the probable osteoclastic origin of the 
lesion, as well as its neoplastic nature, 
he spoke, in the name of common 
usage, in defense of the term “myeloid 
sarcoma.” 

OSTEOCLASTIC HISTOGENESIS OF GIANT 
CELL TUMOR. It was inevitable, in view 
of the known giant cell reaction in 
bone in response to hemorrhage and 
the presence of bone fragments, that 
a traumatic theory of giant cell tumor 
should eventually be proposed. In 1936, 
Geschickter and Copeland, in their 
textbook entitled “Tumours of Bone” 
evolved elaborate arguments in  sup- 
port of such a concept. 

These authors pointed out that 
normally in young adults, juxta- 


epiphy seal growth of cortical bone is ; 


proceeding rapidly, dependent, in large 
part, on a well developed periosteal 
blood supply. At: the same time, the 
cancellous bone of the epiphysis was 
dependent for its blood supply on 
blood vessels anastomosing around the 
joint, and pursuing a periosteal and, 
eventually, a transcortical route. The 
significance of this vascular arrange- 
ment, it was suggested by Geschickter 
and Copeland, is implied in the asym- 
metrical (subcortical) location — of 
early giant cell lesions of the epiphysis. 
As a further elaboration of their hy- 
pothesis, it was pointed out that the 
normally club- shaped epiphysis would 
understandably receive the brunt of 
trauma in this location with, as a corol- 
lary, avulsion of the highly vascular 
and nutritionally important periosteum. 
The subperiosteal hematoma and corti- 
‘al avascular necrosis which would 
follow such a sequence of events, 
would then be dependent for both 
resolution and repair on the medullary 
epiphyseal blood supply. However, the 
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juxta-epiphyseal medulla, it was further 
argued, is the site, in the young indi- 
vidual at least, of maximal osteoclasia 
concomitant with the active enchondral 
ossification and remodeling which is 
normally in progress. The giant cell 
tumor, which, on occasion, resulted as 
a sequel to such a series of circum- 
stances, presented progressive imbal- 
ance between the forces of osteogene- 
sis and osteoclasis in this normally 
active location. The admitted _ pre- 
dilection of the lesion in its more ad- 
vanced phases for the epiphysis was 
interpreted as a mechanical result 
produced by the thick (and therefore 
resistant ) diaphyseal cortex on one 
hand, and the thinner (and therefore 
less resistant) limits of the epiphysis 
on the other. As a further effect of the 
thick and highly vascular metaphyseal 
cortex, it was suggested that the juxta- 
epiphyseal bone cyst represented an 
abortive attempt of osteoclastic inva- 
sion of the medullary canal. 

That metabolic factors might con- 
tribute to the process, Geschickter and 
Copeland suggested, was indicated by 
the similarity of these lesions to the 
localized changes in hyperparathyroid- 
ism, and the occurrence of alveolar 
epuli in the disturbed hormonal balance 
of pregnancy. 

As might reasonably have been 
expected from the nature of their con- 
cept of these lesions, the foregoing 
authors were reluctant to accept as 
authentic giant cell tumors those cases 
in which metastasis had occurred, sug- 
gesting, rather, that in all probability 
such lesions were best classified as 
variants of osteogenic sarcoma. 

GIANT CELL TUMOR: CLINICO- 
PATHOLOGIC ENTITY. In 1940, Jaffe, 
Lichtenstein and Portis, published a 
long and comprehensive paper entitled 
“Giant Cell Tumor of Bone: its patho- 
logic appearance, grading, supposed 

variants, and treatment,” to which ref- 


erence has already been made in the 
opening sentences of this article. 

These three authors, attempting to 
bring some semblance of order out of 
the chaos of what Barrie once referred 
to as “the giant cell riot” carefully 
defined giant cell tumor as a clinical 
and pathologic entity, dividing _ it 
sharply from a number of so-called 
variants with which it had been, and 
to some extent still is, confused. Finally, 
an attempted prognosis was made on 
the basis of grading the tumors accord- 
ing to certain cellular variations men- 
tioned below. 

Age and Sex Incidence. While there 
would appear to be fairly universal 
agreement about the lack of prepon- 
derance of this lesion in either sex, 
Jaffe, in a presentation before The 
Royal College of Surgeons of England, 
in 1953, reiterated his statement con- 
cerning age incidence expressed some 
13 years previously: “We have come 
to view with skepticism any conclu- 
sions about giant cell tumor drawn 
from reports heavily weighted with 
cases in the age group below twenty. 
This is not to deny the occasional oc- 
currence of giant cell tumor in the 
young.” While Jaffe is supported by 
Lichtenstein, who is now himself the 
author of a text entitled “Tumors of 
Bone,” attention should be drawn to 
a report by Williams, Dahlin, and 
Ghormley"’, from the Mayo Clinic, in 
which, in a series of approximately 100 
cases, 10% were less than 20 years of 
age. Similarly, Murphy and Acker- 
man", in a review of 31 cases of benign 
and malignant giant cell tumors, re- 
ported 5 patients between the ages of 
14 and 20 years. These figures are, 
however, in considerable contrast to 
the statement made by Prossor'* in 
the symposium previously referred to, 
that the lesion may occur at any age. 

Location. Were additional evidence 
required to add conviction concerning 
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the state of confusion currently sur- 
rounding this lesion, it could not be 
more profitably sought than in the 
statements concerning _ localization. 
While most authorities in the Western 
hemisphere are agreed that 60 to 70% 
of such lesions are found in relation 
to the knee (lower end of femur, upper 
end of tibia) or wrist (lower end of 
radius) a report by Ellis®, of London, 
on “Treatment of Osteoclastoma by 
Radiation” gives the localization of 
some 21 lesions as follows: mandible, 
10 cases; knee, 5 cases; upper humerus, 
2 cases; wrist, 2 cases; ilium, 1 case; 
heel, 1 case. Prossor, in the same sym- 
posium, reported 9 of 25 cases occur- 
ring either in the spine or jaw, and 
only 4 of the total occurring in the 
vicinity of the knee. The high inci- 
dence of jaw lesions in the publications 
by these British authors is in contrast 
to the failure of the Mayo Clinic group 
to report a single case in the jaw, and, 
further, to the statement by Murphy 
and Acker man, that several lesions that 
may have represented giant cell tumors 
of the jaw, were not included in their 
study. 

Finally, Jaffe, in the Moynihan 
lecture previously referred to, is quoted 
as saying: “In our experience, con- 
ventional giant cell tumor in the sense 
of the tumor we know in relation to 
the ends of long bones, is rarely en- 
countered in the jaw.” 

Gross Pathology. The gross appear- 
ance of such lesions is, to some extent 
at least, dependent on their age and 
state of progression, and the _ lesion 
which suggested the term “myeloid 
sarcoma’ to Sir James Paget, had al- 
most certainly undergone considerable 
necrosis, hemorrhage, and cystic soften- 
ing. 

In the majority of instances the 
tumor, as it is seen affecting the end 
of a long bone and the adjacent 
metaphysis, is frequently eccentrically 


placed. In the affected area the bony 
cortex is expanded, and represented by 
a thin shell of bone over which the 
periosteum is stretched and thickened. 
Not infrequently, this limiting bony 
shell may be perforated in “several 
areas, although according to many 
authorities, this fact need not be of 
grave significance. Not infrequently 
the tumor tissue extends to the articular 
cartilage, although in most instances 
perforation of the cartilage does not 
occur. In the opposite direction, the 
tumor tissue is usually delimited from 
the marrow cavity by a thin fibrous 
membrane. 

The gross appearance of the tumor 
tissue is, as already stated, largely de- 
pendent on the degree of necrosis and 
hemorrhage which has occurred. In 
most instances, the tumor tissue is a 
uniform dark red and friable, although 
in its more cellular areas the classical 
Heshy grey appearance of sarcomatous 
tissue mi iv still be in evidence. Cystic 
dege meration is not a common feature 
of such lesions unless they have at- 
tained considerable size and have been 
the site of extensive necrosis and 
hemorrhage. 

Microscopic Pathology. While the 
microscopic details of classical. giant 
cell tumors are, to the same degree as 
the gross appearance, dependent on 
the age and size (and concomitant de- 
generative changes) of the lesion, a 
basic cellular pattern is recognized. 
This consists of an intimate admixture 
of so-called stromal cells with multi- 
nucleated giant cells, both of which 
are set in a usually well vascularized 
but otherwise poorly developed sup- 
porting matrix. The stromal cells are 
spindle or ovoid in outline witi: a cor- 
respondingly shaped nucleus, and 
usually, a well defined nucleolus. Al- 
though the origin of these cells is still 
a matter of controversy they are pop- 
ularly conceived as arising from the 
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nonpotentiated or, at most, poorly 
potentiated supporting mesenchyme of 
the bone marrow. 

The multinucleated giant cells vary 
in number from field to field, but are 
usually well represented. They exhibit 
some degree of variation with respect 
to size but, on the average, are large 
(60 to 100 microns), and to be dis- 
tinguished from the smaller and less 
succulent prototypes sparsely scattered 
in some of the reparative lesions of 
bone. 

The number of nuclei which these 
cells contain also varies, and is roughly 
proportional to the size of the cell. In 
many cases there are several dozen 
nuclei with a te ndency to be centrally 
aggregated, sometimes in a peculiar 
whorled arrangement. So closely do 
the nuclear details resemble those of 
the associated stromal cells that it is 
difficult to conceive of a separate 
ancestry, and it is widely accepted that 
the latter may give rise to the giant 
cells by a process of fusion. 

Although the term “osteoclastoma” 
preferred by British writers carries 
with it the premise that such cells are 
osteoclasts, such a view is not uni- 
versally accepted. This may, in turn, 
be dependent on the concept of osteo- 
clasts, and whether the term refers, in 
essence, to structure or function, or 
both. - 

Malignancy and Grading. Although 
it is widely recognized that on occa- 
sion giant cell tumors possessing the 
most innocuous appearance may recur, 
or even metastasize, the cellular and 
structural features of more ominous 
portent, outlined by Jaffe, Lichtenstein 
and Portis, in their reluctant advocation 
of numerical grading, has, on the 
whole, been substantiated by others. 

As indicated by Lichtenstein, “The 
tumors falling into the first group 
(Grade 1) which seem to make up 
ibout half of any representative series 


of giant cell tumors of bone, are those 
in which the cytologic features indicate 
the lowest degree of aggressiveness, 
and, hence, a relatively favorable prog- 
nosis. The tumors delegated to the 
other two groups show successively 
more ominous cytologic features, those 
of. Grade being definitely malig- 
nant.” 

As might be expected, the stromal 
cell, with its dubious role of parent to 
the other cellular elements, warrants 
most careful scrutiny. In lesions arbi- 
trarily designated Grade I, these cells 
show no significant atypism with re- 
spect to either size, staining intensity, 
or nuclear variation. The occasional 
mitotic figures which are present are 
normal. In such tumors the a cells 
are numerous and their nuclei exhibit 
an equal lack of atypical features. In 
addition, the supporting matrix shows 
little tendency for collagenous differ- 
entiation. 

The tumors of Grade II, which con- 
stitute the most difficult group from 
the point of view of assessment, exhibit 
a progressive atypism of stromal cells 
which is mirrored to a degree, in the 
nuclei of the giant cells which, how- 
ever, remain, on the whole, large and 
plump. The atypical features encoun- 
tered in such lesions include nuclear 
hyperchromicity, variability in size, 
and increased numbers of mitosis, some 
of which are abnormal. 

The small group (approximately 
15%) of tumors which fall short of 
inclusion in the preceding two groups, 
constitutes the obviously and frankly 
malignant Grade III lesions. In these 
the giant cells tend to be small and 
sparse, and the stromal cells tend te 
be compact in an irregular whorled 
arrangement. Their nuclei exhibit 
marked and variable — of atyp- 
ism which is frequently sufficiently 
marked to warrant the oad anaplastic. 

Additional features which, from 
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time to time, have received attention 
from the point of view of prognosis, 
include the formation of bone or 
osteoid in such tumors, and the degree 
of cortical perforation. While the 
formation of bone or osteoid is mini- 
mal in giant cell tumors of bone, occa- 
sional immature trabeculae are recog- 
nized. This feature has not, as yet, 
been correlated to prognosis. The same 
may be said of cortical perforation. 

GIANT CELL VARIANTS. While this 
article is not concerned with the de- 
scription or delineation of the numer- 
ous lesions which have, in the past, 
been included as so-called “giant cell 
variants,” it should be noted that an 
increasing number of these are being 
recognized as lesions possessed of 
specific clinical and pathologic features, 
and only to the uninitiated do they re- 
tain their tendency for confusion with 
giant cell tumor of bone: Included 
among such entities are the following: 
(1) Non-ossifying fibroma; (2) aneu- 
rysmal bone cyst; (3) chondromyxoid 
fibroma; (4) benign chondroblastoma; 
(5) giant cell reparative granuloma (of 
jaw); (6) juxta-epiphyseal cortical de- 
fect; (7) unicameral bone cyst; (8) 
fibrous dysplasia. 

Treatment. Equalled only by that 
surrounding nomenclature is the con- 
fusion attendant upon diverse concepts 
of therapy. While proposed therapeutic 
measures include excision, curettage, 
radiation alone, and radiation with 
curettage, it has become increasingly 
obvious that until such time as uni- 
formity exists in nomenclature and 
designation, reports concerned with the 
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efficacy of various forms of treatment 
remain virtually without significance. 

Conclusion. As will be evident from 
the foregoing, and to all who have 
read the original paper, the contribu- 
tion of Jaffe and his co-workers marked 
a milestone in more than a century 
concerned with the evolution of a con- 
cept, marked on occasion by a heated 
discussion and ingenious argument. 
Intriguing and interesting as many of 
them have been, they have, on the 
whole, been concerned with the deline- 
ation of a clinico-pathologic entity, and, 
in so doing, have tended to stress those 
points of differentiation which allowed 
of its separation its closest 
imitators. 

In February, 1953, there appeared 
in the Bulletin of the New York 
Academy of Medicine, a most thought 
provoking article by Lent C. Johnson, 
entitled “A General Theory of Bone 
Tumors.” While space does not permit 
of its review or discussion in the cur- 
rent article, it is most heartily recom- 
mended to all who are interested 
the problem. 

The rhyming couplets of Sir Alex- 
ander Pope are perhaps not as widely 
read today as once they were, but to 
anyone who has carefully assimilated 
the philosophy of Johnson's article, 
there cannot escape being brought to 
mind an excerpt from the Essay on 
Man: 


“Of systems infinite, if ‘tis confessed, 

That wisdom infinite must be the best, 

Then in the scale of reasoning life, ‘tis plain 

There must be somewhere such a thing as 
Man.” 
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Tue fascination that lies in an epi- 
demic reaches logically to natural dis- 
asters: the floods, the tornadoes and 
the explosions that suddenly over- 
whelm a community. Both bring 
problems, medical and otherwise, that 
have much in common. The emergency 
is a challenge to action. The obligation 
is a single and straightforward attempt 
at control: to put out the fire, to arrest 
the flow of casualties and to patch up 
the damage done. The fundamental 
motivation of prevention is put aside 
for the moment; and a _ search for 
cause becomes a lesser consideration 
than what to do. 

Throughout its being, epidemiology 
has learned much about the behavior 
of disease through study of epidemics, 
from the days of Fracastorius*® and 
syphilis in Europe to the present ac- 
tivities of the Epidemic Intelligence 
Service®? at the Communicable Disease 
Center in Atlanta, Georgia. As epi- 
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demiology broadened its interests***, 


and improved its methods’, the 
greater contribution has come from 
methodical study of lesser and more 
ordinary events. Communities, popu- 
lations or parts of a population are 
examined to determine the extent and 
distribution of disease*®. Origin and 
dissemination in such groups is 
measured™; and causes are sought in 
the environment, in the kinds of 


. people affected and in the character- 


istics of a specific agent where such 
exists*®. Effectiveness of preventive or 
therapeutic measures is determined", 
or the significance of a laboratory or 
clinical finding evaluated'* in terms of 
groups of people. The increasing in- 
terest in noninfective disease** and 
traumatic injury**® favors this course 
because these conditions in their com- 
munity manifestations commonly lack 
the aggregation of cases that justifies 
designation as an outbreak. 
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In an epidemiology of accidents*®, 
however, the natural disaster is the 
counterpart of the epidemic; and man- 
made disasters have provided the only 
solid material for study of group effect 
from ionizing radiation*”, 

Measured in terms of death, disabil- 
ity and residual defect, the medical 
costs of epidemics and disasters are 
regularly greater than for equal num- 
bers of persons similarly affected under 
more orderly circumstances. The pur- 
pose here is to examine representative 
natural disasters for the causes of that 
excess. Attention is directed to the 
reliability of existing information upon 
which control measures are based, and 
an attempt made to identify those 
features where facts essential to con- 
trol are insecure or lacking. Study of 
the mass medical aspects of disasters 
presumably can lead to profit as in 
epidemics; and the familiar methods of 
epidemiology appear applicable. 

The problem warrants consideration; 
the casualties in a single disaster can 
match those of a good-sized war. In 

1883 the eruption of Mt. Krakatao in 
what is now Indonesia, caused an 
entire island of 18 square miles to 
disappear into the sea, leaving only a 
subterranean cavity 1000 feet below 
the surface. The eruption and the sub- 
sequent tidal wave caused the death 
of 36,000 persons*®. Such sensational 
events attract the major attention, and 
there have been many. The greater 
significance rests in the recurrent 
foods® and fires"’, the Donora_ inci- 
dents™, tornadoes*® and explosions*** 
which consistently affect populations of 
people. 

Plague and Panic. The question was 
raised centuries ago as to which was 
worse, the plague or the panic associ- 
ated with B. pestis. Natural disasters 
also have both medical and sociologic 
aspects’. In recent years, the National 
Academy of Sciences* has initiated 


field studies and direct observation of 
disaster situations’™® to determine 
group behavior under such conditions. 

Cultural background has a consider- 
able part in determining group reac- 
tion to natural disasters’? but a 
particular effect has been recognized 
with sufficient regularity that Wal- 
lace*’” characterizes it as the disaster 
syndrome, a psychologically determined 
defensive reaction pattern. Three 
stages are described. At first “the per- 
son appears to the observer to be 
dazed, stunned, apathetic, passive, 
immobile or aimlessly puttering 
around, This stage varies in duration 
from person to person, depending on 
circumstances and individual character 
from a few minutes to hours; appar- 
ently severely injured people remain 
dazed longer than the uninjured, al- 
though this emotionally dazed condi- 
tion is no doubt often overlaid by 
wound shock.” The second stage of 
the syndrome tends to develop during 
the rescue period, with conversion to 
“extreme suggestibility, altruism, grati- 
tude for help and an anxiousness to 
perceive that known persons and places 
have been preserved; personal loss is 
minimized, concern is for the welfare 
of family and community. This stage 
may last for days.” The third stage is 
described as “a mildly euphoric identi- 
fication with the damaged community, 
and enthusiastic participation in repair 
and rehabilitation enterprises; it some- 
times appears to observers as if a re- 
vival of neighborhood spirit has 
occurred. In the final stage, the 
euphoria wears off and normally am- 
bivalent attitudes return, with the 
expression of criticism and complaints, 
and awareness of the annoyance of 
the long-term effects of the disaster. 
The full course of the syndrome may 
take several weeks to run”®», 

A review of many American disasters 
suggests that true panic is uncommon, 
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and largely limited to situations of 
entrapment or fear of entrapment as 
in the Cocoanut Grove night club fire’. 
The psychoneuroses precipitated by a 
disaster are independent of the dis- 
aster syndrome or panic; they are 
within the realm of medical casualties. 

Thermonuclear Disasters. No Ameri- 
can city has ever been subjected to 
bombing by thermonuclear or other 
high energy release weapons. The 
reality of the threat and the incal- 
culable damage which presumably 
would follow have been so empha- 
sized** as to be accepted within the 
pattern of present day life. After 10 
years of planning and consideration of 
the problem, the head of the Federal 
Civil Defense Administrations™ states 
in realistic but not exactly reassuring 
fashion that community medical serv- 
ices even with evacuation would not 
be adequate to handle satisfactorily 
the results of a nuclear attack on 
major population centers. He advises 
forcefully that enough stress has not 
been put on the inescapable fact that 
even the best casualty care effort will 
not approach peacetime casualty care. 

The experience of Hiroshima™ and 
Nagasaki®® as well as the guided missile 
and conventional bombing of Lon- 
provide a general idea of 
what to expect*®**. However, any 
direct analogy between American cities 
and those of England and Japan is apt 
to be erroneous, even in respect to 
missiles of those days. Different 
peoples react differently. ‘A comparison 
of group reaction to the Rio Grande 
flood? of 1954 shows the Mexican 
population of Piedras Negras to have 
depended mainly on kinship ties in 
effort at evacuation and rehabilitation, 
while the American population of 
Eagle Pass tended to operate more 
through friends, acquaintances and 
on a community basis. 

Environmental conditions also vary 


materially from country to country and 
from time to time. Add to these con- 
siderations an agent of destruction 
now different and unmeasured in_ its 
potentiality for casualties and the re- 
sult is 3 unknowns in attempt to assess 
medical aspects of future bombing of 
American cities. Two of the 3 variables 
in the ecologic triad***, those of host 
and environment, can be studied under 
American conditions by attention to 
natural disasters. 

Because of the attendant circum- 
stances, knowledge of medical consid- 
erations in natural disasters has de- 
pended mainly on assembled reports 
of parts of what occurred or was done, 
regularly from information gathered 
without plan and often lacking ade- 
quate record. Organized and intensive 
field study might well find its greatest 
gain in a better ability to cope with 
the disasters inherent in thermonuclear 
energy. Certain natural disasters bear 
a striking resemblance to those which 
would result from high energy release 
weapons'’; and of natural disasters, 
the United States has plenty”. One 
certain dissimilarity is that thermo- 
nuclear disasters will involve concen- 
trated urban populations, while natural 
disasters exert no such selection. Con- 
sequently, attention logically centers 
on those natural disasters concerned 
with urban populations and a single 
impact of a destructive force. The dif- 
ferences then are largely resident in 
the characteristics of the agent and 
in the size of the disaster, for this new 
event will clearly outdistance anything 
heretofore known, either artificial or 
natural. 

Terms of Reference. No absolute 
definition of a disaster is possible since 
recognition is always in relation to 
usual prevailing circumstances. A dis- 
aster, like an epidemic®, marks a sig- 
nificant departure from normal experi- 
ence for a particular time and place. 
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Other terms, used more or less inter- 
changeably, also denote events or sit- 
uations regarded as a terrible misfor- 
tune. Disaster has the advantage over 
calamity, catastrophe and cataclysm of 
suggesting something of special mo- 
ment having its origin in an adverse 
external agency. A catastrophe in in- 
surance practice*** is an accident in 
which 5 or more persons are killed; 
and calamity has the connotation of 
personal loss. 

Medically speaking, a natural dis- 
aster may be defined as the sudden 
and violent disruption of all or part 
of a community by forces of nature 
acting in sufficient intensity and at the 
proper time to produce a_ medical 
problem which exceeds the capability 
of the community. Medical capability 
is judged to have been exceeded when 
patients are not rendered that degree 
of medical care normal for the com- 
munity and the usual medical facilities. 

Natural disasters may arise from a 
single impact or through serial effect 
of repeated exposure to a destructive 
force. Single impact disasters are 
analogous to point or common source 
epidemics of communicable disease, as 
contrasted to the propagated epidemic. 
With the ultimate purpose of turning 
what may be learned to an improved 
understanding of thermonuclear dis- 
asters, consideration is here limited to 
single impact disasters in urban com- 
munities of the United States. Because 
of the extent to which antibiotics and 
chemotherapy have altered medical 
management, attention is drawn to 
recent experience, with examples from 
small and medium sized cities and 
a large metropolitan area. A variety of 
natural forces are considered, in order 
to demonstrate underlying principle as 
well as the variations under special 
conditions. 

The issue at hand is the medical 
component of natural disasters. The 


causes of disasters and what may be 
done to modify those causes or inter- 
rupt their mechanisms at sufficiently 
practical levels to give fewer disasters 
or lesser consequences, with the objec- 
tive prevention, constitute the funda- 
mental consideration. However, once 
the disaster has struck, control is the 
problem, a medical management of 
casualties designed to limit deaths, 
residual defect and disability. This is 
here the main concern. Control re- 
solves into ready and expert means 
for determining the number and 
nature of casualties, administrative 
measures to bring prompt medical 
care, and a choice of treatment from 
available facilities. A final and critical 
obligation is to evaluate what was 
done, to search for error in technical 
method and shortcomings in medical 
administration in guide of a future 
practice. Medical control has to do 
with survivors. Most deaths are at the 
time of initial impact but they do not 
enter into the program for control; the 
dead require no medical aid. In 1902, 
the eruption of Mt. Pelee in Marti- 
nique*” caused nearly instantaneous 
death of all save one of the 40,000 
inhabitants of the nearby city of St. 
Pierre. Since the sole survivor was able 
to walk 6 kilometers to medical atten- 
tion for his injuries, the catastrophe 
was not a natural disaster of medical 
importance; no medical problem was 
created. 

Disaster Casualties. To assess the 
medical aspects of a disaster in simple 
terms of the immediately injured is 
unrealistic. Traumatic injury is prompt- 
ly and sharply evident; other conse- 
quences by their nature develop slowly 
and appear late. Added to that, a 
natural disaster often sets up a chain 
of events, each with its particular costs 
in deaths and disability. 

The main losses are at the time of 
impact, regularly so for single impact 
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disasters and commonly for those af 
serial origin. A second round of casual- 
ties may he expected within weeks or 
occasionally months, while a_ third 
series comes from delayed effect months 
and sometimes years after the initial 
event. The Boston night club fire had 
its initial deaths and injuries from 
burns?! and_ suffocation™*, its second 
round of casualties from infections and 
exacerbation of chronic illness, and its 
late psychiatric disturbances. The cata- 
clysmic results of Hiroshima*™ were 
from the immediate combination of 
ionizing radiation, explosion and fires; 
leukemia and cataract provided a sec- 
ond round of casualties; and now 
comes the question of long term effect 
from low dosage of the agent, as yet 
unproved but actively under investi- 
gation. The 1934 disaster in Ceylon"! 
was a succession of drought, malaria 
and famine. A typhoid fever  epi- 
demic'’? has its primary casualties 
from the acute infection, a second 
round effect in gallbladder and other 
disease, and eventual carrier 
problem. 

Casualties at the time of impact in- 
clude traumatic injuries from _ blast, 
explosion or collapsing buildings, from 
thermal or radiation effect, or by 
drowning in floods or tidal waves. 
Medical conditions are less empha- 
sized, although they dominate such 
situations as smog in London**. Coro- 
nary accidents are reported as an im- 
mediate effect; and precipitation or 
activation of mental disorders _ is 
seemingly a real but unevaluated part 
of disaster impact. The disaster syn- 
drome described by Wallace®*® involves 
many people briefly; it has importance 
in relation to productive rescue opera- 
tions and the speed with which a com- 
munity recovers. 

Fires and explosions set off by the 
primary agent sometimes lead to sec- 
ondary casualties rivaling the initial 


event. Epidemics occur from over- 
crowding and the disruption of nor- 
mal sanitary practices, but under 
modern conditions a factor overly 
stressed. Injuries from panic are other 
secondary casualties, and likewise 
those associated with evacuation, es- 
pecially disorderly evacuation. Expo- 
sure contributes through heat stroke, 
cold injury and the pneumonias. The 
primary psychoneuroses are enlarged 
by similar events among relatives and 
friends, along with late development 
in those experiencing the disaster, the 
result of anxiety or other ill-defined 
stress. 

Health effects from disaster are not 
to be measured by an experimental 
design along pharmacological _ lines, 
where a substance is administered to 
a group of animals, to be observed for 
a prescribed number of days and dis- 
carded. Many effects of disaster on 
man become apparent after slow and 
indirect evolution. 

Ecologic Analysis. Natural disasters 
are indeed nothing more than an exag- 
geration of the endemic situations 
which rest in motor accidents, indus- 
trial injuries and the air pollution of 
great cities. Singularly enough, study 
of the mass manifestations of infections 
began with epidemics and progressed 
to endemic and ordinary occurrence; 
the opposite has characterized these 
noninfective and commonly traumatic 
processes. In neither instance can the 
potentialities of prevention con- 
trol presumably be reached without 
information on the total cycle, epi- 
demic and endemic. 

An epidemiologic approach to con- 
trol of disasters is time-tried in the 
management of epidemics. A definition 
of time-place-person relationships is 
the first job, then an analysis of asso- 
ciations between specific characteristics 
of host, agent and environment and the 
distributions of cases and deaths. The 


anc 
side 
pro 
sign 
com 
ease 
disa 
Con 
Nati 
its 
havi 
nine 


| 
t 
a 
I 
t 
n 
t 
tl 
se 
B 
st 
ye 
he 
th 
str 
dis 
ext 
the 
ple 
cal 
anc 
hur 


Progress of Medical Science: PREVENTIVE MEDICINE AND EPIDEMIOLOGY 347 


aim is to identify those factors toward 
which remedy is best directed. The 
quality of control measures is evalu- 
ated, omissions noted and_ further 
facts sought where information is in- 
adequate to judge performance or to 
establish need for a particular control 
measure. 

Degenerative and neoplastic condi- 
tions are of slow evolution, aging does 
not become evident within months, and 
mental disease frequently requires time 
to present in recognizable form. These 
late casualties are to be included 
any consideration of disaster effect. 
In varying degree they are common 


to natural disasters, to those of man-:- 


made origin, and combination of the 
two as in smog. Study is therefore of 
the acute situation and long-term ob- 
servations thereafter. The Atomic 
Bomb Casualty Commission in its field 
studies in Hiroshima has in 
operation for 10 years, with the end not 
vet in prospect. 

As holds so generally in community 
health and disease, more is known of 
the means by which the agents of de- 
struction act-in production of natural 
disasters than of the ways and the 
extent to which the human host and 
the environment contribute to the com- 
plex of causality. The agent is a tangible 
and evident force, a physical or chemi- 
cal element more amenable to analysis 
and evaluation than the complicated 
human society. Economic, meteorologic 
and cultural demands reinforce con- 
siderations of health and safety in 
promoting study and investigation. The 
significance of the human factor be- 
comes increasingly evident in mass dis- 
ease and injury generally, and in the 
disaster problem _ particularly. The 
Committee on Disaster Studies of the 
National Research Council has directed 
investigations toward human _be- 
havior in extreme situations, to deter- 
nine**® what factors produce what 


degree of disruption in the social con- 
text and how individuals and groups 
behave in the face of this disruption. 
This is in identification of contribu- 
tion to causation. The relation to con- 
trol is equally strong, for the group 
and individual reaction to psychologi- 
cal trauma induced by disaster is a 
powerful determinant of success or 
failure in initial operations of rescue 
and first aid®*°, 

The first step in ecologic analysis is 
to define the nature and extent of the 
problem. This involves time, place and 
person relationships. The person com- 
ponent is an estimate of numbers of 
casualties and kinds of injury; much 
variation is to be expected, for time and 
place are critical variables along with 
the agent concerned. Recurring and 
similar features are noted in disasters 
occurring under wholly different. cir- 
cumstances, to give general patterns”: 
*S in time and place which serve use- 
fully as a working basis. 

Time Stages in Disaster. A practical 
assessment of the situation facing con- 
trol, the indication for particular con- 
trol measures, and subsequent ability 
to compare results depend upon view- 
ing the disaster process according to 
established periods in its evolution. 
Any division is arbitrary, for the time 
element varies with the individual 
event. 

Predisaster Conditions. Antecedent 
community characteristics provide a 
baseline by which to judge the effects 
of a disaster. Their ecologic analysis 
gives attention to host population and 
environment. Other than demographic 
divisions, social environment is the 
main consideration. The social struc- 
ture of the community, community 
attitudes, the economy, housing, den- 
sity of population and public institu- 
tions is one part*®. The specific feature 
of training and readiness for disaster 
rests in community organization for 
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Civil Defense, in the efficiency of vol- 
untary organizations such as the Red 
Cross, and in the available medical 
facilities. 

The physical environment has im- 
portance in many disasters. A first im- 
pression of Hiroshima and Nagasaki 
was the similarity of the two in topog- 
raphy and the extent to which that 
factor contributed to the vulnerability 
of the population. Climate, season and 
geographic location are other consid- 
erations. Because disasters strike ir- 
regularly and warning is usually short, 
these data are collected retrospectively 
and by no means as the initial feature 
in control. 

Warning Phase. Length of warning 
period is extremely variable. Modern 
meterorological facilities of the United 
States make an unexpected hurricane 
almost impossible; warning of an ex- 
plosion may be nil. Medical casualties 
are governed by length of warning 
period, by extent and speed of spread 
through the community, and by per- 
formance of the population in taking 
evasive action. 

Impact Phase. This is the period dur- 
ing which the physical agent is acting 
te produce primary casualties of the 
disaster. 

Period of Isolation. This part of the 
cycle marks the time from production 
of primary casualties by direct effect 
of the natural force to the arrival of 
rescue aid from outside the zone of 
impact. The essential contribution to 
control is what the lightly injured and 
uninjured do in self aid and first aid. 

Rescue Period. The spontaneous and 
unorganized aid in rescue that comes 
from surrounding areas has great po- 
tentiality in determining the ultimate 
result in medical casualties, for both 
good and evil. It measures community 
organization, training and education of 
the public in disaster control and first 


aid, and the psychologic reaction to 
extreme stress. 

Remedy. The dominant considera- 
tions are the administrative provision 
of professional first aid at the site, 
triage of casualties, evacuation to 
definitive medical care and the ulti- 
mate management of the injured. The 
performance of local personnel and 
facilities is a part of the problem; the 
extent and promptness with which 
neighboring communities join efforts is 
another. 

Recovery. By usual interpretation 
this stage has to do with rehabilitation 
of primary casualties, mainly surgical. 
In few disasters has consideration ben n 
given to casualties due to delayed 
primary effort or the secondary casual- 
ties following impact. Represent: itive 
disasters should have periodic follow- 
up on a population basis to determine 
what happens exacerbation of 
medical conditions and the frequency 
of residual psychiatric disorders. 

Areas of Impact. The classical series 
of concentric circles in definition of 
affected areas®! is in disasters little 
more than a working basis to adminis- 
trative advantage (Fig. 1). The type 
of agent, the construction of buildings, 
population density, topography and 
other physical and social features of the 
environment are impressive variables 
in determining shape and area of zones 
of destruction. However, such distine- 
tions have value, as in the 2000-meter 
zone described for Hiroshima. 

Full and Direct Impact. This central 
area corresponds to that part of the 
community receiving the direct action 
of the natural force in its full capacity 
for destruction. 

Fringe Area. That surrounding area 
which experiences direct effect from 
action of the agent but in minor degree 
and less extensively than the area of 
direct impact. 

Filter Area. This border area marks 
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a zone virtually free from direct dam- 
age, but affected by the necessity for 
casualties to be evacuated through it 
and rescue workers to pass into the 
central zone of impact. Secondary 
casualties may arise from traffic con- 
gestion and the organization for rescue 
operations, which commonly originate 
here. 


that essentially the whole population 
is involved in the disaster to some 
extent. 

A Tale of Three Cities. Three 
natural disasters in American cities are 
now examined for time, place and 
person relationships. With the setting 
of the disaster established, numbers 
and kinds of casualties and of medical 


SUPPORTING SUPPORTING 
REGIONAL REGIONAL 
AREA AREA 
THE GENERAL COMMUNITY 
FILTER AREA 
FRINGE AREA 
FULL 

DISASTER 
IMPACT 
SUPPORTING A SUPPORTING 
REGIONAL REGIONAL 
AREA AREA 


Fig. 1—Zone of direct impact and most casualties, with lesser affected fringe and filter areas; 

secondary-impact effect on remainder of community, few escaping some involvement; disaster 

effect on surrounding region irregular and determined by participation in rescue and rehabilita- 
tion operations, 


The General Community. Special in- 
stitutions such as hospitals, clinics and 
medical stores, often far removed from 
the site of the disaster, experience a 
real impact in the special duties they 
take on. The full weight of rescue ac- 


tivities falls to these more remote parts 


of the community in reinforcement of 
that first arriving from contiguous 
areas. Few will escape secondary- 
impact inconveniences with the result 


problems are viewed according to 
stages of the disaster at which they 
occurred. From existing reports, an 
attempt is made to identify those 
characteristics of the affected popula- 
tion, those of the natural force in- 
volved, and of the physical and social 
environment which presumably acted 
in causal relation. Some become clearly 
evident, others lack proof of validity, 
and still others receive no attention, al- 
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though suggestively pertinent. Since 
successful control depends upon meas- 
ures directed against identified 
causes**, consideration is given to 
what was done in medical management, 
how well it met defined needs and 
particularly what information _ is 
needed to improve existing control 
programs. 

The Texas City Explosion. At 9:12 
a.m. on April 16, 1947, the harbor of 
Texas City, Texas, a small gulfport 
town on Galveston Bay, was rocked 
by the explosion of a French ship, the 
freighter, Grandcamp. The result was 
one of the worst disasters ever to 
occur in an American city. Some 513 
persons lost their lives or were recorded 
as missing, 800 received major injuries, 
and between 3,000 and 4,000 suffered 
minor injuries'®:®, 

The Grandcamp had been loading 
ammonium nitrate for some days. 
Twenty-three hundred tons were 
aboard when a small fire in one of the 
holds heated the chemical fertilizer 
beyond its critical decomposition point 
of 350° F. The resulting explosion re- 
duced a heavily industrialized water- 
front area of chemical, oil refinery and 
shipping facilities to tangled _ steel 
wreckage and indiscriminate rubble. 

PREDISASTER CONDITIONS. Texas City 
is a new community, even by gpa 
States standards. Founded in 1821, 
development as an industrial 
began about 1900; at the time of the 
explosion it had been incorporated only 
36 years. The dock area is largely 
industrial, and the business and resi- 
dential sections spread fanwise away 
from the docks to accommodate the 
17,000 residents of the community. A 
considerable number of employees of 
oil and chemical companies had civil 
defense training during World War II, 
but the fire department included only 
4 fire engines and their drivers*®, the 

remainder of the crews being volun- 


teers. Since Galveston is only 6 miles 
away, the residents rely to a consid- 
erable extent on the medical facilities 
of that city. Texas City has no hospitals, 
and only limited numbers of patient 
beds in small private clinics and nurs- 
ing homes. Casualties of the disaster, 
therefore had to be evacuated to 
Galveston, Houston, and other nearby 
cities”. 

WARNING OF DISASTER. At about § 
a.m., April 16, 1947, fire was discov- 
ered in No. 4 hold of the ship Grand- 
camp, docked near the plant of the 
Monsanto Chemical Company. The dis- 
aster potential of heated ammonium 
nitrate was not appreciated; promptly 
after the fire broke out, the docks were 
crowded with firefighters, workmen and 
curious onlookers. Just before the ex- 
plosion the smoke of the fire showed 
a peculiar orange color, the significance 
of which was also not appreciated, 

IMPACT OF THE DISASTER. At 9:12 
a.m. the ammonium nitrate exploded 
with an estimated force of some 250 
five-ton conventional wartime bombs. 
The explosion completely disintegrated 
the ship, levelled the waterfront area 
and hurled red hot steel and bits of 
flaming cargo in all directions. Primary 
injuries and deaths were from blast 
effect, flying missiles, collapsing build- 
ings and the resultant tidal wave. 

ISOLATION PHASE. The contradictory 
and fragmentary statements of sur- 
vivors indicate the confusion that fol- 
lowed the blast. Few persons in the 
impact zone escaped some injury, and 
many were rendered temporarily un- 
conscious. Consequently, little record 
is at hand of any considerable first aid 
or rescue, although isolated individuals 
performed remarkably and sometimes 
heroically. 

Since the explosion killed virtually 
every man in the volunteer fire depart- 
ment, destroyed the firefighting equip- 
ment and disrupted the water mains 
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in the dock area, secondary fires sprang 
up promptly and soon raged uncon- 
trolled along the waterfront. Only the 
fortunate and unusual circumstance of 
an offshore breeze prevented a spread 
to the adjacent business and residential 
areas. 

kESCUE. The available reports of the 
disaster contain no information con- 
cerning the quantity or quality of spon- 
taneous and unorganized rescue and 
first aid by individuals from outside 
the impact zone. The number of 
deaths from secondary fires is undeter- 
minate®’, but 30% of recovered bodies 
were charred. 

REMEDY. First aid stations were ap- 
parently established at the site of the 
disaster within an hour following the 
explosion®", They were manned by 
Texas City physicians, industrial first 
aid groups, and orthopedic surgeons, 
residents and senior medical students. 
Subsequent published reports contain 
no informatioin of how these stations 
were organized coordinated, 
what procedures were followed, the 
effectiveness of this phase of manage- 
ment, or the source of the medical 
equipment, ambulances and _ supplies. 
Of the 800 seriously injured, about 
two-thirds were evacuated to Galveston 
where 500 patients were admitted to 
various hospitals**. The remainder 
were taken to Houston and_ other 
neighboring cities. 

Many attending physicians and the 
house staff of the John Sealy Hospital 
in Galveston had World War II ex- 
perience in the management of trau- 
matic injuries. Patients present in the 
hospital were discharged or consoli- 
dated to give bed space. Disaster vic- 
tims were admitted to a shock ward 
ud given fluid and blood before ad- 
nission to operating rooms where 
‘cams of surgeons and anesthetists per- 
‘ormed debridement and other appro- 
priate surgical procedures. 


Persons with massive avulsion 
wounds or severe burns rarely sur- 
vived the initial injury and few reached 
hospital. Common features of patients 
who were admitted included a multi- 
plicity of lesions: numerous punctate 
lesions usually from glass or other 
particles imbedded in head and ex- 
tremities, and a variety of fractures. 
Table 1 gives the commoner injuries of 


TABLE 1.—PRINCIPAL INJURIES OF 
TEXAS) CITY, TEXAS, EXPLOSION, 
APRIL 16, 1947 


Types of Injury Number % of Total 
Simple fracture 82 23.8 
Lacerations 82 23.8 
Skull 78 22.9 
Chest 31 9.0 
Compound fracture 20 5.8 
Eye 18 53 
Traumatic amputation 14 4.1 
Internal abdominal 8 2.2 
Burns 3 0.8 
Gas gangrene complication 2 0.6 
Main vessel or nerve 2 0.6 
Spinal cord 2 0.6 
Abortion 0.6 
Total 344 100.0 


344 patients. Perforation of the ear 
drum was particularly frequent, as a 
direct result of the pressure wave 
generated by the explosion. No less 
than 274 persons were so affected, 140 
with bilateral injury and 134 unilateral, 
among 3,000 surveyed. Presumptive 
blast injury of the thorax was a second 
common occurrence, manifested by 
pain or tightness in the chest or hyper- 
tension*!**, Seven cases of gas gan- 
grene are included among patients 
treated at the John Sealy Hospital. 
Secondary wound infection occurred 
in what was stated to be limited num- 
bers; amputation was necessary in 5 
instances, but no deaths were directly 
attributable to infection. 

A few scattered psychoneuroses oc- 
curred under circumstances relating 
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them to the disaster; in general they 
were judged to have been poorly ad- 
justed prior to the catastrophe. There 
was no indication of general panic. 
Nonmedical accounts convey the im- 
pression that many survivors mani- 
tested the sort of reaction described by 
Wallace**® as the disaster syndrome. 

The benefit of prior disaster exper- 
ience was well brought out when that 
same evening, fires were reported 
aboard the freighter High Flyer which, 
like the Grandcamp, had been loading 
ammonium nitrate. At 1 am. on 
April 17, the same orange colored 
smoke appeared. This time, however, 
the changing color of the smoke was 
recognized as a warning. When the 
High Flyer exploded some 10 minutes 
later there was no one within 500 feet 
of the ship. Although of equal inten- 
sity the second explosion caused only 
one death and 7 major injuries. 

RECOVERY. The burden of providing 
care to patients requiring continued 
hospitalization was partly borne by 
the Fourth United States Army which 
established a convalescent unit at 
nearby Fort Crockett for patients of 
the Galveston hospitals after initial 
definitive treatment. 

The problems of rehabilitation, 
aside from the fact that a_ large 
number of patients required secondary 
closure of wounds, had little attention 
in descriptions of the medical prob- 
lems associated with the disaster. 
Plastic surgical procedures were of 
minor nature. 

The circumstances surrounding the 
explosion were reported with satisfac- 
tory completeness. The reception, 
triage and medical care afforded cas- 
ualties at the hospital in Galveston 
where most were treated is well docu- 
mented. Reports from other hospitals 
are brief and inhibit a factual sum- 
mary of the total situation. Medical, 
as contrasted to surgical casualties had 


scant study. As usual, reports end with 
the acute situation. 

The Worcester Tornado. At about 
5.00 p.m. on June 9, 1953, a tornado 
swept through the northern and east- 
ern residential sections of Worcester, 
Massachusetts. A total of 94 persons 
lost their lives, 438 were seriously in- 
jured, more than a thousand suffered 
minor injuries and 15,000 were made 
homeless in a matter of minutes!"'. 

PREDISASTER CONDITIONS. W. 
Massachusetts, is a city of about 200,000 
population, 40 miles west of Boston. 
By American standards it is an old 
city with a well developed sense of 
civic responsibility and alert police, 
fire and public utilities departments. 
The city and surrounding towns have 
a number of fairly modern, well 
staffed and well equipped hospitals, 
most of which have some sort of dis- 
aster plan. 

Although a Civil Defense organiza- 
tion was in existence, activities had 
developed little past a planning phase. 
Citizens at large were untrained in 
methods for evasive protection, rescue 
or first aid. Since tornadoes are un- 
common in New England, storm cellars 
or other similar shelters are neither 
constructed nor considered necessary“ 

WARNING PERIOD. At 4:30 p.m., June 


"9, 1953, the tornado began its career 


of destruction in Petersham, about 25 
miles northwest of Worcester. About 
40 minutes later the tornado was at the 
north city limits. Theoretically, time 
was adequate to broadcast a tornado 
warning in Worcester but this was not 
done. 

To persons familiar with tornadoes, 
the storm signalled its approach by 
large hailstones which began to fall 
in the western part of the city at about 
4:45 p.m. The final warning sign o! 
the tornado was its approaching ap 
pearance”™”, dark, funnel shapec 
whirling cloud mass extending earth 
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ward from heavy churning, low hang- 
ing clouds streaked with flashes of 
lightning. An estimated several hun- 
dred residents recognized the tornado 
in time to take some evasive action: 
local, last minute alarms were spread 
by word of mouth. Most people did 
not expect to be struck by a tornado 
and were neither prepared to recognize 
it nor seek shelter from its onslaught*'. 
Since the vortex was visible 2 miles 
away and was moving at an estimated 


TABLE 2.—WARNING OF IMPENDING 


DISASTER, 50 RESIDENTS OF IMPACT 


AREA, WORCESTER TORNADO, JUNE 
9, 1953; 28 MALES (11 SERIOUSLY 
INJURED) AND 22 FEMALES (14 
SERIOUSLY INJURED). 


Number of 
Extent of Warning Persons 
Noticed large hailstones 


“many” 
Recognized large hailstones as a 


tornado warning 0 
Noticed funnel shaped cloud 22 
Recognized funnel shaped cloud as 

a tornado 14 
Received official warning 0 
Recognized some warning cue 21 
Warned by others 4 
Took some protective measures 

before impact 28 


Source: Adapted from Wallace”, 


speed of 25 miles per hour, a 4-minute 
interval passed between first observa- 
tion and impact. Table 2 summarizes 
the results of 50 interviews on extent of 
warning, an undefined sample of ap- 
proximately 8000 residents of the im- 
pact area. 

IMPACT PHASE. Tornadoes are the 
most violent of storms, and this was 
unusually violent tornado. The 
vortex was nearly half a mile wide as 
i touched earth, and it maintained 
continued contact with the surface as 
it travelled 3% miles through the resi- 
cential sections of Worcester. The 
\clocity of the winds on the perimeter 
«! the vortex destroyed buildings as 


did the lowered atmospheric pressure 
within the vortex; as the tornado passed 
over, buildings essentially as 
the trapped high pressure air escaped 
from within. 

Injury and death was from being 
thrown about by the wind, or being 
struck by collapsing buildings or all 
manner of objects picked up and 
hurled with explosive force. Table 3 
shows deaths by age and sex. 


TABLE 3.--DEATH BY AGE AND SEX, 
WORCESTER TORNADO, JUNE 9, 1953 


Age in Years Male Female 

0-9 0 3 
10-19 4 3 
20-29 0 4 
30-39 2 4 
40-49 2 2 
50-59 3 2 
60-69 3 1 
70--79 0 4 
80-89 1 0 
Age unknown 7 11 
Total 22 34 

Source: Adapted from Wallace. 


ISOLATION. The duration of isolation 
varied from a minute or two on the 
south edge of the impact area to as 
long as 30 minutes in the central and 
northwestern sections of the city. The 
slightly injured and the uninjured 
tended to react in a sequence of first, 
personal orientation, then minor self 
aid and extrication, and finally rescue 
and first aid to family. With awakening 
awareness of the general damage to 
the community, they tended to split 
into 2 reaction groups. One did little 
or nothing to help other members of 
the community; the other performed 
random and often hectic first aid and 
rescue activities. There is little evidence 
that really effective, lifesaving _ first 
aid was accomplished or that much 
was done to prevent secondary cas- 
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ualties from suffocation, electrocution 
or fires!”. 

RESCUE. An outstanding feature of the 
Worcester disaster was the feverish 
activity during the rescue phase. With- 
in minutes, the area was literally 
jammed with persons from fringe and 
filter areas. Neighborhood physicians 
attempting first aid to the injured had 
limited success, because rescuers took 
charge with an obsession to rush all 
victims to hospital. The slightly in- 
jured, the seriously injured and even 
the dead were placed in the nearest 
available vehicle and went “roaring 
down Burncoat and Main Streets at 60 
miles per hour with horns blowing.” 
The effect on seriously injured patients 
can be surmised; less than 10% had 
received any sort of first aid treatment, 
however crude. A number of hospitals 
reported receiving patients dead on 
arrival, 

There was no indication of panic: 
rather the emotional pattern — that 
emerged was of the type characterized 
as the second stage of the disaster 
syndrome. 

REMEDY. Hospitals in Worcester had 
little or no warning of a disaster®! 
until patients began to arrive. From 
description of what occurred®®” it ap- 
pears that with some exceptions, the 
dozen or so hospitals involved followed 
practices that contributed directly or 
indirectly to the development of 
secondary casualties. Patients were not 
distributed to the several hospitals ac- 
cording to a prearranged and coordi- 
nated plan. Hospitals did not put 
workable disaster plans into effect. 
Proper triage was not carried out. 
Fluid and blood replacement was many 
times inadequate. Wounds were im- 
properly debrided and treated by pri- 
mary closure. Sterile surgical tech- 
niques were abandoned at some hos- 
pitals. By contrast, excellent results 
were obtained by two neurosurgeons 
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with 14 patients having severe head 
injuries. 

Records were not well kept but a 
summary of 452 major injuries sus- 
tained by 438 patients is possible, 
Table At least 411 other persons 
were treated at hospitals for minor 
injuries. 


TABLE 4.—MAJOR INJURIES (452) OF 
438 PATIENTS, WORCESTER TOR- 
NADO, JUNE 9, 1953 


Injury Cases 
Fracture of skull and cerebral injury 77 
Fracture of upper extremity 46 
Fracture of lower extremity 42 
Fracture of rib 32 
Fracture involving shoulder girdle 21 
Fracture of pelvis 10 


Fracture of hip 
Fracture of nose 1 
Fracture of cervical spine 3 
Fracture of jaw 9 
S 


Back injury (including “fractured back”) 1 

Eve injury 2 

Kidney injury 9 
Ruptured spleen 6 
Burns 5 
Major lacerations and contusions 147 
Total 452 


Source: Adapted from Bakst et al.!?. 


RECOVERY PHASE. No outbreak of 
communicable diseases followed the 
disaster but sepsis developed in many 
wounds primarily closed, as a form 
of secondary casualty. As of July 27, 
1953, 612 tornado victims were still 
under home nursing care. Although 
medical rehabilitation of the seriously 
injured was a problem of no mean 
proportion, available reports contain 
little information; nor of the number of 
long term or late casualties or the 
problems of reconstructive surgery. 

An unknown number of the injured 
developed severe psychoneuroses 
secondary type casualties after admis- 
sion to hospital. The ordinary emo- 
tional disturbances associated with 
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disasters passed without serious conse- 
quence, 

There were misunderstandings re- 
garding the jurisdiction responsi- 
bilities of Civil Defense, American Red 
Cross, and other interested agencies. 
Some considered Civil Defense plans 
were applicable only in the event of 
enemy air attack; others did not under- 
stand that it was the re sponsibility of 
local physicians and hospitals to pro- 
vide medical in the immediate 
crisis. The lack of a central control 
agency and of plans re- 
in a number of jurisdic- 
tional disputes among the interested 
agencies!’ 

The Boston Night Club Fire. Shortly 
after 10 p.m. on November 28, 1942, a 
fire broke out in the Cocoanut Grove 
night club in Boston, Massachusetts, 
and spread so rapidly that of the 
estimated 1000 guests and employees 
nearly 500 lost their lives and over 100 
survivors suffered serious injury. 

PREDISASTER CONDITIONS. The Cocoa- 
nut Grove was located in downtown 
Boston on the edge of the theater dis- 
trict. Converted to a night club from 
old tenement buildings and a garage, 
the irregular structure had inadequate 
and locked exits, combustible decora- 
tions and faulty electric wiring. In 
spite of these deficiencies, safety con- 
ditions had been certified satisfactory 
S days before the fire. 

Boston is an old city. At the time of 
the fire the United States was at war 
and accordingly the hospitals of Boston 
had prepared a coordinated city-wide 
disaster plan**, by which district re- 
sponsibility was delegated to specific 
ho :pitals. Each hospital had its internal 
plon for the emergency reception and 
treitment of casualties arising from 
enemy air attack®7°, 

ARNING PERIOD. important 
feature of this disaster was the ex- 
treinely short warning period. The 
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original blaze started in a basement 
cocktail lounge about 10:15 p.m. and 
spread upstairs so rapidly that guests 
attempting to escape were overtaken 
by the flames. Despite much drinking 
during the evening, inebriation was not 
believed to have been a material factor 
in the loss of life. 

Some persons in the basement bar 
were able to escape through a window 
in the adjoining kitchen and a few 
found safety in a large refrigerator. 
The escape routes, however, were 
quickly blocked, and panic resulted**: 

The remaining guests in the base- 
ment lounge rushed for the stairs and 
piled up in the corridor and in the 
foyer leading to the main exit. 

Guests on the ground floor attempt- 
ing to escape through the main en- 
trance jammed the revolving doorway 
and piled up behind it. A smaller rear 
door opened inward and also became 
blocked. An employee managed to 
open part way a small door behind 
the bandstand so that a few found 
safety through this exit. Others avoided 
the flames by going out onto the roofs. 
Some of the persons trapped within 
the building apparently protected 
themselves against serious respiratory 
damage by covering their faces with 
wet cloths or articles of clothing***. 

IMPACT OF THE DISASTER. The highly 
combustible decorations permitted the 
fire to spread with unusual rapidity. 
Primary deaths and injuries were by 
direct action of fire and the effects 
of superheated air. Some 200 victims 
piled up behind the main door and 
100 more behind the door in the 
ground floor bar. The extent to which 
panic contributed to the result is diffi- 
cult to determine but clearly was 
appreciable. 

ISOLATION AND RESCUE. Minutes be- 
fore the night club fire and wholly by 
chance, a fire alarm had been sounded 
in the neighborhood because of a 
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burning automobile. The fire depart- 
ment had dispatched a considerable 
fire fighting force. Personnel and 
equipment were not only close at hand 
but were quickly diverted to the 
Cocoanut Grove. Consequently there 
was neither an isolation nor a rescue 
phase in this disaster, the impact 
phase having been interrupted by the 
arrival of organized and_ professional 
assistance. 

REMEDY. The firemen were assisted 
in rescue efforts by police, city hospital 
ambulance attendants and eventu: ally 
ambulance and rescue squads from 
neighboring cities, Civil Defense and 
American Red Cross personnel, U.S. 
Coast Guard shore patrolmen and 
many volunteers. However, work was 
hampered by the lack of a central 
authority empowered to coordinate 
activities™’. The extent or time of ar- 
rival of outside assistance is not re- 
ported in accounts of the fire. 

No less than 300 persons were pro- 
nounced dead on arrival at hospital: 
some may have been dead prior to 
evacuation. Patients were suffering 
from the effects of cold, exposure, 
fright, shock and partial asphyxia. The 
inference is that first aid and triage 
were neglected in favor of transport 
to hospitals. 

In spite of the city disaster plan, 
hospitals apparently were not notified 
of the disaster. The first patients to 
arrive were handled therefore more or 
less routinely; not until a substantial 
number had been received was the 
extent of the problem realized. Two 
of the larger hospitals in the city ad- 
mitted 94% of the casualties. The fol- 
lowing practices at one or both of 
these hospitals may have operated to 
aggravate the already serious condi- 
tion of many patients: Triage was not 
carried out ‘initially*’; undue delay in 
tracheotomies; delay in administration 


of oxygen, blood, plasma and fluids; 
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morphine was given to all patients, 
administered subcutaneously from a 
common syringe". Patients at some 
major hospitals were not consolidated 
to provide space for disaster victims. 

Severe _ respiratory embarrassment 
and burns of the body surfaces were 
the main problems*’. In one hospital, 
teams of physicians were in constant 
attendance on individuals and groups 
of the injured; in one ward of 39 pa- 
tients, 60 nurses gave 24-hour coverage. 

Efforts to effect reduction in disaster 
mortality apparently must be directed 
at the early postimpi periods. The 
relationship between injury and time 
of death is shown in Table 5. 


TABLE 5.—ELAPSED TIME BETWEEN 
INJURY AND DEATH, 491 FATAL 
CASES, COCOANUT GROVE FIRE 
BOSTON, NOVEMBER 28, 1942 


Number of 


Time of Death Deaths 
Died prior to evacuation from. site 
of the fire 145 
Died before admission to hospital 300 
Died within 24 hours 1s 
Died 25-48 hours after injury 13 
Died 3-7 days after injury iS) 
Died 8-13 days after injury 3 
Died 14 or more days after injury 3 
Total 491 
Source: Adapted from Aub et al. and 


Finland et 


RECOVERY. Medical control of the 
Boston situation was re-established 
within 24 hours, largely because of the 
excellent medical facilities of the city. 
However, a number of patients re- 
quired hospitalization definitive 

‘are for prolonged periods**”. At one 
hospital, 9 of 39 were hos- 
pitalized for 60 to 127 days. At a sec- 
ond hospital, patients with 20% to 29% 
total body area burns were in hospi al 
an average of 140 days, and those w: ith 
more than 30% burns, an average of 
283 days. 
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Psychiatric reactions, secondary in- 
fections*™* other complications 
posed problems of considerable mag- 
nitude". Entrapment and panic pre- 
sumably precipitated numerous neuro- 
psychiatric conditions. Nine months 
after the fire, 13 patients still suffered 
general nervousness and anxiety neuro- 
ses, and one patient suffered a persis- 
tent mental disorder'». No evidence of 
persistent lung damage was found’® in 
a 5-year follow-up of 16 patients. 

Status of Disaster Control. The 
natural history of 3 major American 
disasters has been traced from warning 
of impending trouble until eventual 
recovery of the community. The pur- 
pose was to identify those stages in 
the disaster where risk was greatest, 
those where risk exceeded expectation, 
and the extent to which control meas- 
ures met indicated needs. In no. in- 
stance did those responsible for 
management and control have great 
satisfaction with what was done, but 
instead a critical and decidedly con- 
structive attitude. This experience has 
a sobering effect in relation to the 
larger problem of man-made disasters. 
In Nagasaki and Hiroshima 20-kilo-ton 
bombs produced an estimated 50,000 
experience 
which dwarfs that of Cocoanut Grove 
where numbers under a_ hundred 
stretched the facilities of superior 
accommodations. 

Methods applicable to the laboratory 
or the well ordered hospital are not 
to be assumed as equally workable 
under field conditions. Recognized fea- 
tures of disaster practice are now ex- 
amined, to determine which parts are 
adequately supported by existing 
knowledge and experience, which are 
uestionably effective, need refinement 
v require more information before 
lecision, and finally to identify those 
vhich are ineffectual or even aggravate 
he situation. 


Professional Management of Casual- 
ties. World War Il and the Korean 
War resulted in substantial contribu- 
tions to knowledge of emergency and 
definitive care of surgical casualties. 
The treatment of contaminated 
under field considerations 
is well defined and by severe test has 
demonstrated ability to reduce both 
morbidity and mortality*:'***. 

The prevention and control of com- 
municable disease**** has progressed 
to a state that epidemics subsequent 
to disaster are a minor consideration 
under American conditions. For indi- 
vidual infections, accomplishment 
varies, from excellent results in pre- 
vention of tetanus®! to poor in treat- 
ment of the disease. The pocket manual 
of the American Public Health Associ- 
ation, the Control of Communicable 
Diseases in Man*, provides authorita- 
tive direction for field procedure well 
suited to disaster conditions. 

Artz’* has shown that severely 
burned patients can be saved by or- 
ganized teams of experts. However, the 
late treatment of extensive burns re- 
mains a considerable 
There is little accumulated experience 
in treating large numbers of patients 
burned more or less simultaneously. 
The Cocoanut Grove disaster leaves 
doubt of the ability of the average 
community to furnish either the pro- 
fessional manpower or the medical 
supplies required by current prac- 
tices”. 

The prevention, recognition and 
early treatment of shock**** are effec- 
tive in their results. So-called irrevers- 
ible shock remains a problem. The 
definition of various analgesic and 
anesthetic agents for mass casualties"! 
marks a substantial advance, with indi- 
cations and contraindications*?. 

Neuropsychiatric problems among 
civilian disaster victims have not been 
studied extensively**** and _ control 
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measures await development. These 
casualties have had much attention in 
recent military practice, but the facts 
about their occurrence under civilian 
conditions of disaster stress are most 
fragmentary. The same generalization 
applies to medical casualties precipi- 
tated by disaster; interest commonly 
ceases with the acute situation. Only 
the Hiroshima and Nagasaki incidents 
have had solid attention®® and these 
because of the unknown conditions 
surrounding ionizing radiation. The 
intensive and prospective observations 
of pulmonary function and neuropsy- 
chiatric disease after the Cocoanut 
Grove fire are close to unique. Modern 
epidemic control could well serve as 
the pattern in study of these other 
disasters. 

A reasonable estimate suggests that 
medicine has the tools with which to 
meet most of the clinical problems pre- 
sented by natural disasters. A” sound 
accomplishment has been demonstrated 
under ordinary as contrasted to emer- 
gency situations, hospital as opposed 
to field conditions. What is known of 
mass emergency practice comes mainly 
from military sources. The ordered and 
controlled ‘conditions under which 
military medicine operates differ from 
the civilian; how different the results 
are has not been determined, for no 
factual study of civilian disasters com- 
pares with those of the military, 
whereby preceding estimates of num- 
bers and kinds of casualties under 
prescribed conditions closely parallel 
subsequent observation. 

Medical Administration and Organ- 
ization. The shortcomings in control 
of natural disasters seemingly are not 
in medical method but in application 
under ill-defined conditions. Both war- 
time and peacetime experience in dis- 
aster*** has shown that predisaster 
planning and organization are helpful 
and contribute to accomplishment**.**, 


No. better appreciation can be asked 
than the multiplicity of 
proposed. They have the common 
weakness that they are based on as- 
sumptions from indirect. evidence2*"": 
82a rather than on observed facts about 
what disasters do in producing medical 
casualties and what is done in. at- 
tempt to prevent and control those 
circumstances. 

Certain control procedures may be 
accepted as principle. Triage* the 
sorting out and labelling of patients 
by classes of injury, is to be practiced 
at each echelon of medical care; at 
the site of disaster, in transport and at 
hospital reception. This was one of 
the weaknesses in the disasters con- 
sidered; it is not a procedure agirage 
to hospital management. The lack « 
strong central authority in control be 
erations was recognized in all 3. dis- 
asters. Little information is 
about the effect of transport of the 
injured in passenger and other vehicles 
impre »ssed as ambulances; military ex- 
perience has shown that rough hi indling 
of the severely wounded during evacu- 
ation is costly. Those civilian hospit: als 
with disaster plans found them a sound 
investment for patient and staff. Better 
methods for the wholesale collection 
and long storage of blood await devel- 
opment; some advances are being 
made?*, 

In the disasters considered, tempo- 
rary shortages occurred in both medical 
supplies and equipment, to be met by 
outside assistance from ne ighboring 
communities and from national and 
local relief agencies. Reliance on such 
extemporaneous assistance is doubtful 
policy. Wartime experience, both mili- 
tary and civilian, proved the value 
of planning and _ strategically located 
stockpiles to meet estimated require- 
Methods to assure super- 
vised storage and turnover of perish- 
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able items require further develop- 
ment!’", as do funding and distribution. 

Military experience®*® again demon- 
strates the importance of prompt first 
aid in reducing morbidity and mortal- 
ty. Just how well the general civilian 
population performs has never been 
measured; reports of disasters give little 
information. The reported urgency on 
the part of rescuers to evacuate indis- 
criminately the dead, the seriously 
injured and the slightly injured, and 
also the number of dead reaching hos- 
pital, would imply that first aid was 
not good. Self aid thereby becomes 
more important. A demonstration of 
deficiencies through direct observation 
or interview of disaster survivors would 
reveal specific needs in education and 
training; it would determine how much 
such measures affect mortality and 
disability. 

In the disasters considered, the 
public at large had no satisfactory 
training in recognition of disaster 
warning signs, or in evasive action, 
self aid or first aid. Although civil de- 
fense organizations have attempted to 
capture the imagination and_ interest 
of the public in the various aspects of 
behavior in disaster situations, only 
minor successes have been attained; 
public acceptance has yet to be devel- 
oped. The studies of the National 
Research Council on the mass behavior 
of people under extreme stress are 
providing the kind of factual informa- 
tion upon which such education may 
be based. No organization of society 
has the experience in health education 
possessed by the official health agencies 
of the country, and basically these are 
health matters. 

Epidemiological 
Natural Disasters. The optimal plan 
‘or control of medical casualties in dis- 
‘sters awaits more facts about causal 

ifluences at specified periods in dis- 

ster evolution; not so much the fac- 


Investigation — of 
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tors that rest in the agent of disaster 
as those stemming from the people 
affected and the environment con- 
cerned. The recorded experience in 
control of natural disasters supports this 
belief, as does our own more limited 
personal knowledge. The main assur- 
ance rests in a familiarity with battle 
action, the military analogue of the 
natural disaster, and a_ professional 
participation in the civilian conse- 
quences of the bombing of London, 
from the Battle of Britain close to the 
end of World War II. These things 
bring conviction. 

The basic approach is direct obser- 
vation and planned investigation at the 
site of disaster and as promptly as may 
be possible. This is field study by epi- 
demiologic methods, the usual pro- 
cedure in epidemics and similar emer- 
gencies where the issue is mass disease 
and health. Field method has served 
also in the sociologic studies by the 
National Research Council®*}" on the 
behavior and reactions of individuals 
and groups in disaster situations. The 
two interests are firmly interrelated, be- 
cause the reaction of people and an 
intelligent participation in rescue op- 
erations largely determines the effec- 
tiveness of medical measures. The 
leadership provided by these studies 
calls for the medical profession to hold 
up its end. To rely on casual informa- 
tion collected in the stress of control 
operations is overly optimistic. Disaster 
research, like other research, is a bus- 
iness of itself; it requires planning, 
trained workers and a group endeavor. 

An increasing number of state 
health departments are establishing 
divisions for the study and control of 
traumatic injuries, based on an epi- 
demiology of accidents***. On the 
assumption that any health activity 
has a concern with both continuing 
and emergency aspects, disaster inves- 
tigation logically becomes a part of 
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programs for control of accidental 
injury. 


The larger national scene has the 
same potentiality for disaster study in 
the developing program for accident 
prevention of the Public Health Serv- 
ice. The Departments of National 
Defense and Federal Civil Defense 
Administration are clearly 
in the ultimate problem to which such 
studies lead. 

In principle, a field staff would in- 
clude physicians experienced in man- 
agement of mass casualties, familiar 
with epidemiologic method, and sup- 
ported by the usual personnel incident 
to field study of disease. Killian**” 
rightly stresses the preliminary plan- 
ning which is axiomatic in all field in- 
vestigation. Major considerations in- 
clude decision on the size and kind 
of disasters to study, a formulated op- 
erational plan, methods and_ record 
forms to be used, length of stay in the 
disaster area and subsequent periodic 
observations to determine end result. 

If disasters are to be studied in their 
course and not retrospectively, much 
depends on early information of their 
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presence. The situation is much like 
that of epidemics. Only once in a long 
experience have either of us ever 
studied a whole epidemic be- 
ginning to end, and that took consid- 
erable patience and time. The usual 
experience is parts of an epidemic, and 
so with disasters. Early investigation 
might well be possible with hurricanes, 
the modern warning system being what 
it is. Ordinarily the start is with some 
later stage, but nevertheless with pre- 
ceding events gathered together while 
the scent is still fresh. The experience 
of the Epidemic Intelligence Service 
of the United States Public Health 
Service, Atlanta, Georgia, would be 
helpful in developing a system for re- 
porting and early advice of disaster 
situations. 

Success in solving the health prob- 
lems of man is a history of acquired 
knowledge of causation and methods 
thereby to interrupt those causal fac- 
tors at the most vulnerable point. The 
natural disaster warrants attention in 
its own right; it has a peculiar signifi- 
cance in present day world society. 
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Urine Osmolarity as a Test of Renal 
Function in Rats. Epwarp P. Raprorp, 
Jn. M.D. (Physiology Section, Haskell 

Laboratory for Toxicology and Indus- 
trial Medicine, Newark, Delaware ). 
These studies were designed to pro- 
vide a kidney function test for use with 
experimental animals, particularly rats. 
The test we have investigated is similar 
in principle to the standard renal con- 
centration test used in clinical medi- 
cine; recent work by various authors 
has shown the superiority of urine 
osmolarity over urine specific gravity 
as an indication of renal concentrating 
power. The test consists of measuring 
urine osmolarity under hy dropenic con- 
ditions; when solute excretion is con- 
stant, an estimate of urine osmolarity 
can be obtained from the urine volume. 
In rats the hydropenic state is main- 
tained even when water is offered ad 
libitum, provided they are in a nutri- 
tional steady state. Thus the injection 
of 100 to 500 mU pitressin tannate in 
oil intramuscularly raises the urine os- 
molarity until 15 to 20% above the con- 
trol level of 2000 to 2200 milliosmols 
per liter. Nephrotoxic chemical agents, 
such as HgCle, produce a prompt fall 
in urine osmolarity, and both dose- 
response and recovery curves can be 
studied quantitatively in this fashion. 
lhe usefulness of functional testing of 
this type has been emphasized by a 
‘inding arising urine volume 
leterminations near the end of a 
-year-feeding carried on by 
he Toxicology Section. A group of 
en 2-year-old control female rats was 


found to have a significant depression 
of renal concentrating power, presum- 
ably an effect of aging (the control 
males showed only slight decrease ). 
These rats had been maintained solely 
on Purina Laboratory Chow and water 
for their life span. An experimental 
group of females of the same age which 
had been fed Purina Chow  supple- 
mented with 3% lysine hydrochloride 
was found to have almost normal renal 
function by this test. Thus, supplemen- 
tation of the diet with lysine appar- 
ently protected female rats from this 
type of aging process. 

Mechanism of Hepatic Release of 
Potassium in Response to Epinephrine 
or Glucagon. SypNey Exuis, B. 
Becketr, AND Feuix A. Krzan (De- 
partment of Pharmacology, Temple 
University School of Medicine). Pre- 
vious investigators have shown that the 
transient hyperkalemia which follows 
the intravenous administration — of 
epinephrine is caused by potassium re- 
lease from the liver. Published evidence 
is insufficient to establish or to discard 
a relationship between the hyper- 
kalemic response to epinephrine and 
its vasoconstrictor action or its hyper- 
glycemic effect is essential for the 
elevation of plasma potassium by epi- 
nephrine. The vasopressor effect was 
dissociated from the hyperkalemic re- 
sponse in the cat by the following 
observations: (1) relatively small 
doses of dihydroergotamine (1 to 3 
mg./kg.) blockaded or reversed the 
vasopressor effect without influencing 


the hyperkalemic or hyperglycemic 
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responses; (2) glucagon produced hy- 
perkalemia and hy pe rly cemia without 
affecting the cardiov: ascular system; (3) 
isoproterenol (Isuprel ) caused a fall in 
blood pressure but it elevated plasma 
potassium and glucose. The hyper- 
kalemic response was dissociated from 
the hyperglycemic response and. vice 
versa by the following observations: 
(1) dibenamine essentially eliminated 
the hyperkalemic response to either 
epinephrine or glucagon without inter- 
fering with the respective hypergly- 
cemic response; (2) repeated adminis- 
tration of phloridzin to fasting cats 
eliminated the hyperglycemic respon- 
ses; (3) repeated administration of 
glucagon exhausted the hyperglycemic 
response without changing the hy per- 
kalemic response. Additional observa- 
tions included the following: (1) 
dibenamine prevented hyperkalemia in 
response to the infusion of levarterenol 
(50 meg./kg. and min.) and reduced 
asphyxial hyperkalemia; (2) dibenzyl- 
ine was an _ effective antagonist to 
epinephrine hyperkalemia without  in- 
fluencing the hyperglycemia; (3) a 
dibenamine congenor, GD-131  (N- 
ethyl-N- hexahydrobenzyl - chloroethyl- 
amine) had effect on blood 
pressure, potassium, or glucose re- 
sponses to epinephrine; (4) dihydro- 
ergotamine (10 mg./kg.) blockaded 
the hyperkalemic and hyperglycemic 
responses to epinephrine, but it did not 
influence these responses to glucagon; 
(5) phentolamine (Regitine) reduced 
the hyperkalemic response to epineph- 
rine, whereas the hyperglycemic re- 
sponse to epinephrine remained 
unchanged and both responses to 
glucagon were uninfluenced. 

Influence of Epinephrine on Skin 
and Skeletal Muscle Oxygen Availa- 
bility. By Paut V. Gaset, B.S. (Re- 
search Assistant). Department of Sur- 
gery, University of Rochester, School 
of Medicine and Dentistry, Rochester, 
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N.Y.) The purpose of this paper is to 
describe the effects of intra-arterial 
epinephrine and norepinephrine on the 
oxygen availability in skin and skeletal 
muscle and to demonstrate their ca- 
pacity to redistribute total blood flow 
among the various tissues of the limb. 
Platinum electrodes for polarograph- 
ically determining oxygen availability 
were inserted intradermally and intra- 
muscularly in’ the hind limb of 10 
anesthetized dogs. Pressure and flow to 
the limb were measured with a hydro- 
metric pendulum situated in the ter- 
minal aorta, iliac or femoral artery. 
Change in paw volume was measured 
with a quantitative plethysmograph. 
Fresh dilutions of ampules of l-epineph- 
rine or |-norepinephrine were injected 
into the flow meter cannula or a sys- 
temic vein. Intra-arterial epinephrine 
administered while an isolated limb was 
perfused at constant rates, increased 
muscle and decreased skin oxygen 
availability. Other perfusion experi- 
ments demonstrate a positive, linear 
relationship between total flow and the 
oxygen available in skin and muscle. 
In the intact animal, both intra- 
arterial epinephrine and norepineph- 
rine decreased skin but increased 
muscle oxygen availability and paw 
volume. Intra-arterial epinephrine pro- 
duced either no change or a slight in- 


crease in aortic blood flow and a 
decrease in aortic pressure. Intra- 
arterial norepinephrine decreased 


aortic blood flow and increased aortic 
pressure. Systemic epinephrine  de- 
creased skin oxygen availability but 
increased all other measured variables. 
It is concluded that paw volume prin- 
cipally reflects flow through — the 


arteriovenous anastomoses of the foot 
pads rather than the capillary circula 
tion of either skin or muscle and flow 
is assumed to be the sole determinan'! 
of the immediate changes in oxyge1 
These 


availability. results demonstrat: 
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the ability of epinephrine and norepi- 
nephrine to redistribute the total blood 
flow among various tissues of the limb. 

The Effect of Epinephrine and 
Aminophylline on the Phosphorylase 
Activity of Contracting Heart Muscle. 
Marityn E. Hess, M.S., ann NIELS 
HauGAARD, PH.D. (Laboratory of 
Pharmacology, University of Pe ‘mnsyl- 
vania School of Medicine). The 
enzyme phosphorylase, which catalyzes 
the reaction glycogen + 
phosphate <= glucose- 1-PO,, has been 
shown to play a role in the chemical 
reactions involved in skeletal muscle 
contraction. Phosphorylase is present 
in two forms in skeletal muscle, phos- 
phorylase a and phosphorylase b. The 
former is active in the absence of 
adenylic acid; the latter requires this 
nucleotide for activity. The conversion 
of phosphorylase b to a is stimulated 
by epinephrine and muscular activity. 

The effect of epinephrine and amino- 
phylline on phosphorylase activity of 
perfused contracting rat heart is de- 
scribed in this paper. A rat heart was 
connected to a Langendorff isolated 
heart perfusion apparatus and mechan- 
ical activity recorded on a smoked 
drum. At the end of a perfusion an 
extract of the heart was prepared with 
sodium fluoride-versene and aliquots of 


the extract incubated with glycogen 
and glucose-1-PO,, with and without 
adenylic acid. The inorganic phosphate 
liberated from the glucose-1-PO, was 
measured, 

In a series of control experiments in 
which no drug was added to the per- 
fusate, phosphorylase activity in the 
absence of adenylic acid was 50% + 
25 (N = 7) of the activity with 
adenylic acid. When epinephrine 
(1:10,000) was present in the perfu- 
sion fluid, this ratio increased to 674% 
© 2.3 (N = 7). In two experiments in 
which aminophylline was present, the 
ratios were 71 and 66%. 

In the second series of experiments 
the concentration of glucose-1-PO, in 
the reaction medium was increased and 
a more dilute heart extract used. In 
controls phosphorylase activity without 
adenylic acid was 60% + 1.3 (N = 4) 
of the activ itv with adenylic acid. Per- 
fusion with epinephrine (1: 10,000 ) 
caused an increase to 76% + 2.6 (N 
= 3); perfusion with aminophylline 
(1:2000) increased the ratio to 74% 
+ 47 (N = $). 

The possibility exists that the cardiac 
stimulation produced by the drugs may 
be closely related to ‘their effect on 
phosphorylase. 
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BOOK REVIEWS AND NOTICES 


COLLAGEN Diseases. By Joun H. 
M.D., Professor of Medicine, University of 
Buffalo School of Medicine, and R. MoLeres 
Ferranpis, M.D. Pp. 232; 30 ills., and 16 
color plates. New York: Grune & Stratton, 
Inc., 1956. Price, $6.50. 

Durinc the past two decades there has 
been a great increase of interest in diseases 
associated with a dysfunction of connective 
tissue, and this includes the less common 
members of the group, systemic lupus 
erythematosus, polyarteritis, dermatomyositis, 
systemic scleroderma and thrombotic throm- 
bocytopenic purpura. It is this latter group 
that constitutes the particular topic of this 
volume. The authors are to be congratulated 
on having gathered from a tremendous vol- 
ume of literature (540 references are cited, 
and these are said to constitute a careful 
selection from a much larger number) a 
body of material which they have summa- 
rized and presented in concise form. Each 
disease is discussed from the following stand- 
points: Historical, Incidence, Relation to 
Other Collagen Diseases, Etiology and 
Pathogenesis, Pathology, Clinical Features, 
Laboratory Findings, Diagnosis, Clinical 
Course and Treatment. The reader is not 
to expect any profound new observations 
or viewpoints, but he will find an excellent 
discussion of the clinical features and a good 
review of presently held opinions concerning 
etiology and pathogenesis. A number of fine 
illustrations enhance the value of the book, 
and there are included 16 color plates clearly 
illustrating such features as LE cells, stained 
tissue sections, and photographs of — skin 
changes. The authors’ style of writing is such 
that it is pleasant reading, and it is a book 
that can be highly recommended to general 
practitioners, internists and dermatologists. 
The majority who read it will have their 
diagnostic acumen increased and will want 
to keep the volume handy for further 
reference. T. BD. 


FUNKTIONELLE ENGPASSE DES KREISLAUFES: 
PHYSIOLOGIE UND PATHOLOGIE DES PREss- 
prucKsS. By M. BUrcer, M.D. anp D. 
Micuet, M.D., University of Leipzig. Pp. 
249; 91 ills. Munich: J. F. Lehmanns Verlag, 
1957. Price, DM 32. 

AN acute rise in the intrathoracic pressure 
interrupts the continuity of blood flow and 


( 366.) 


this may, unless compensated for, lead to 
acute blood supply difficulties, with particu- 
lar reference to the heart and brain. This 
monograph deals exhaustively with the so- 
called Valsalva maneuver. After a historical 
survey and presentation of method and de- 
gree of acute rise in intrathoracic pressure, 
there follow, in the theoretical portion: 1) 
Resulting changes in frequency, shape, and 
velocity of the pulse; 2) alteration in myo- 
cardial systole; 3) arterial blood pressure; 
4) venous pressure; 5) pressure’ in lesser 
circulation and right heart; 6) vascular re- 
sistance; 7) stroke and minute volume; 8) 
circulation time; 9) arterial oxygen satura- 
tion; 10) changes in capillary flow; 11) 
electrocardiogram; 12) — phonocardiogram; 
13) radiologic data; 14) alterations induced 
by the Valsalva test in different organs and 
organ systems; 15) experimental sprog 
pharmacologic ) data in animals and man; 16 ) 
the effect of body position; 17) integrated 
interpretation of the prepressor, and pressor 
phase. In the practical portion there are 
discussed: 1) The Valsalva test in its fune- 
tional value for evaluation of heart and circu- 
lation, taking into consideration: pulse, arterial 
and venous pressure, physics of circulation. 
electrocardiogram, phonocardiogram and 
radiologic findings; 2) the significance for 
athletic activities; 3) clinically significant 
topics such as cough, diagnostic features in 
a) cardiovascular disease, b) head and nerve 
pains, disturbances resulting from inability 
to press, therapeutic implications, and finally, 
acute rise in intrathoracic pressure as a cause 
for illness and death. 

The senior author of this monograph, a 
well-known clinician, has devoted a lifetime 
to the investigation of this problem, and to 
anyone interested in this field, the study of 
this book is a must. H. R. 


Synopsis OF PatHoLtocy. By W. A. D. 
ANDERSON, M.A., M.D., Professor of Pathol- 
ogy, University of Miami School of Medicine 
and Director of Pathology Laboratories, 
Jackson Memorial Hospital, Miami, Florida. 
4th ed. Pp. 829; 328 ills. and 12 color 
plates. St. Louis: The C. V. Mosby Com- 
pany, 1957. Price, $8.75. 

To present the subject of Pathology in a 
brief, concise and compact manner would 
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seem to be practically an impossible task, 
yet Dr. Anderson has managed to do it in 
his Synopsis of Pathology. This little book, 
which is not only compact in its written ma- 
terial, but also in its physical make-up, is an 
extremely valuable text for the student of 
Pathology, whether of medical school or post- 
graduate level. For the teaching pathologist 
it affords a bird's-eye view of both medical 
and surgical pathology and is replete with 
key references, if further elucidation is nec- 
essary or desired. The book is well-written 
and well-illustrated; the various topics are 
covered in a comprehensive fashion and the 
diagrams, although few, are expressive. In 
his preface, the author indicates that changes 
or additions were required for every chapter 
and certainly these changes or additions are 
evident; there are a few pages on cytologic 
diagnosis of malignancy, a paragraph on 
Coxsackie viral infections and one on epi- 
demic hemorrhagic fever, to mention a few. 
Both the author and the publisher are to be 
congratulated on their combined efforts. 


A. 


HyporeNnsive Drucs. Edited by M. Hartnc- 
ron, M.B., M.R.C.P., National Institute for 
Medical Research, London. Pp. 221; 65 ills. 
London and New York: Pergamon Press, 
1957. Price, $8.00. 

Tuts symposium on hypertensive drugs and 
the control of vascular tone in hypertension 
was held under the auspices of the British 
Biological Council's Co-ordinating Committee 
for Symposia on Drug Action. Twenty-three 
investigators, many of them widely known, 
contribute to this worthwhile little volume. 
The book is divided into four parts: The 
chemistry, pharmacology, and clinical appli- 
cations of hypotensive drugs, and the con- 
trol of vascular tone in hypertension. The 
drugs dealt with include the ganglionic block- 
ing agents, Rauwolfia alkaloids, veratrum al- 
kaloids, hydralazine, and the B-halo- 
alkylamines, with emphasis on the former 
two groups. Included are such timely 
topics as structure-activity relationships 
of hypotensive drugs, the development 
f tolerance to ganglionic blocking agents, 
and the uses and limitations of the presently 
ivailable hypotensive drugs in clinical prac- 
tice. The discussions on factors controlling 
vascular tone are stimulating, and appear to 
llustrate once again that until more is known 
a this regard, the development of effective 
rug therapy is apt to be more fortuitous 
han rational. R. S. 
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ADRENAL FUNCTION IN INFANTS AND CHIL- 
prEN: A SyMpostum. Edited by Lyrr I. 
3ARDNER, M.D. Associate Professor, Depart- 
ment of Pediatrics, State University of New 
York College of Medicine, Syracuse. Pp. 
221; illustrated. New York: Grune & 
Stratton, Inc., 1956. Price, $6.75. 


Tue material in this book is based on a 
symposium on adrenal function in infants 
and children held under the auspices of the 
Department of Pediatrics, State University of 
New York Upstate Medical Center on No- 
vember 3-4, 1954. The text consists of 15 
papers presented at these meetings with the 
discussion that followed each presentation. 
The contributors are all 
authorities in this field. 

Of particular interest are 5 excellent papers 
devoted to the subject of hyperadrenocorti- 
cism in children. The problems of diagnosis, 
treatment and sex assignment are covered 
fully. The newer concepts concerning the 
influence of rearing on gender role should 
prove stimulating to all readers. 

Although symposia of this type are fre- 
quently outdated by the time they are pub- 
lished, much in this volume is still timely 
and should be useful to those physicians who 
care for children with adrenal disease. 

W. P. 


Tue Docror as A Wrrness. By Joun Evarts 
Tracy, Professor of Law (Emeritus), Uni- 
versity of Michigan. Pp. 221. Philadelphia: 
W. B. Saunders Co., 1957. Price, $4.25. 

Proresson Tracy has designed this short 
volume to be an informative handbook for 
the physician who, on occasion, will be 
summoned as a witness in legal proceedings. 

He has achieved this purpose not only by 
using an easy to read ne of writing but 

also by emphasizing the practical problems. 

Since this work was not intended to serve 

as a text for law or medical school, the 
author has wisely avoided continual refer- 
ences to the history of the technical points of 
law. However, when necessary, his analysis 
of the legal background is clear and concise. 
This is evident in an excellent chapter on 
the doctor's privilege as a witness. This 
chapter traces the growth of the privilege 
arising from the doctor-patient relationship 
from its nonexistence in English common 
law to its present limited existence under 
statutes in the several states. 

The coverage of such practical considera- 
tions as the physician’s preparation, 
demeanor on the witness stand, arrangements 
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as to the doctor's time and his compensation 
make this book a valuable addition to any 
physician’s library. S. F. 


CANCER OF THE ESOPHAGUS AND THE 
Stomach. By Owen H. WANGENSTEEN, 
M.D., Professor of Surgery and Head, De- 
partment of Surgery, University of Minne- 
sota Medical School. 2nd ed. Pp. 144; 60 
ills. New York: The American Cancer So- 
ciety, Inc., 1956. 

Tue author, one of the leaders in Ameri- 
can surgery, presents in concise form a mono- 
graph on malignancies of the esophagus and 
stomach. After reading only a few sections, 
the reader quickly discerns that Dr. 
Wangensteen writes with the inquisitiveness 
of an investigator, the simplicity of a teacher 
and the authority of an experienced clinician. 
The conversational style employed makes for 
ease of reading and the text is well supple- 
mented by charts, tables, specimens in color 
and roentgenograms. 

The author states his candid opinions on 
such controversial subjects as etidlogy of 
gastric cancer (polyps, antecedent ulcer, 
gastritis, and others), the role of total gas- 
trectomy in gastric cancer, the advisability 
of informing a patient of the diagnosis of 
malignancy and his now well recognized 
“second look.” While all of his concepts will 
not receive universal acceptance (not even 
by this reviewer), Dr. Wangensteen skillfully 
employs case material to back up his argu- 
ments. There are those who look more kindly 
on the use of esophagoscopy, gastroscopy and 
exfoliative cytology in the diagnosis of esoph- 
ageal and gastric cancer than does the 
author. This reviewer thoroughly enjoyed 
this monograph and I believe that all inter- 
ested in the subject will be rewarded by the 
reading of it. S. L. 


DIsEASES OF THE ENDOCRINE GLANDs. By 
Louis J. Sorrer, M.D., Clinical Professor 
of Medicine, State University of New York 
College of Medicine, 2nd ed. Pp. 1032; 
102 ills. and 3 plates in color. Philadelphia: 
Lea & Febiger, 1956. Price, $16.50. 

THe many significant contributions that 
have appeared in the field of endocrinology 
during the 5 years that have elapsed since 
the publication of the first and second editions 
of this volume have necessitated numerous 
changes in the text. Such events as the identi- 
fication and synthesis of aldosterone, the syn- 
thesis of polypeptide hormones such as oxy- 
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tocin and vasopressin, the identification of 
triiodothyronine, the development of various 
hormonal analogues such as prednisone and 
prednisolone and the advances made both: in 
the laboratory diagnosis and the clinical man- 
agement of endocrine disease, have placed 
important new tools in the hands of the 
clinician. 

The book is divided into 5 sections each 
devoted to specific endocrine glands. At the 
beginning of each section there is a_ brief 
discussion of the anatomy, histology and 
physiology of the gland concerned. However, 
the book is directed to the clinician and most 
of the material relates to pathologic processes 
and disease states resulting from glandular 
dysfunction, with emphasis on diagnosis and 
treatment. There are numerous photographs 
and photomicrographs illustrating various is. 
ease entities. 

This book is comprehensive, easily under- 
standable and well indexed and should serve 
as an excellent reference text for the physi- 
cian confronted with endocrine problems. 


B.C. 


Tue Ficur ror Fiuormation. By DoNnaLp 

R. McNeu., Pu.D., Associate Director of the 
Wisconsin State Historical Association, Pp. 
241, New York; Oxford University Press, 
1957. Price, $5.00. 

In 1901, Dr. Frederick S. McKay, a dentist 
in Colorado, investigated the stained teeth 
in his community. His studies led to the fact 
that minute quantities of fluoride in drinking 
water could appreciably reduce the incidence 
of dental caries in young individuals. The 
author of this book gives an accurate and 
interesting account of the progress, and halt- 
ing acceptance, of fluoridation as a public 
health measure in the United States. 

Although more than 200 nationally known 
organizations, among them the American Den- 
tal Association, American Medical Association, 
American Public Health Association, United 
States Public Health Service, and National 
Research Council, back this measure, op- 
ponents continue to denounce it as a poten- 
tial hazard to health and a_ violation of 
individual rights. Experiences in New York, 
Washington and Wisconsin chronicle this anti- 
scientific attitude. 

The impact of this fluoridation debate has 
been felt in the political and social life of 
many towns and cities. For several years to 
come, communities will vote on the question 
of fluoridation of water supplies to promote 


dental health. This book brings the reader 


up-to-date on a topic of major public health 
importance. F. R. 


Practical DIAGNOsIs AND TREATMENT OF 
Liver Disease. By Moron Leevy, 
M.D., Director of Clinical Investigation and 
Outpatient Department, Jersey City Medi- 
cal Center. Pp. 336; 84 ills., including 23 
in color. New York: Paul B. Hoeber, Inc., 
1957. Price, $8.50. 

Tue author presents a concise and well- 
organized text on diseases of the liver draw- 
ing liberally from personal experience in over 
one thousand cases. He is to be commended 
for his emphasis on the patho-physiology ot 
disease as well as for his recommendation of 
a composite approach in diagnosis. His policy 
of having the responsible physician chart his 
clinical and anatomic diagnosis in each case 
(especially if the patient is to be subjected 
to surgery) is worthwhile in that it gives 
direction to diagnostic and therapeutic efforts. 
Much valuable statistical and clinical informa- 
tion is cited from the author’s own broad 
experience. The Bibliography is current and 
fairly complete but in some instances the 
and statistics derived from 
these outside sources only lead to the perpetu- 
ation of concepts of questionable validity 
(namely, the use of topical thrombin in GI 
bleeding; and incidence of nutritional liver 
disease in ulcerative colitis of 30% quoted 
from material studied by the Mayo group 
which cannot be considered to be representa- 
tive of the general experience in this disease ). 

The text is easy to read and is liberally 
supplemented with figures and useful tables. 
In laos brief, however, the author is often 
vague or indecisive. Despite minor flaws, this 
is a book that has much to offer .the student 
and clinican who has an interest in clinical 
hepatology. S. L. 


Use or Rapiotorores. By WILLIAM 
H. Berenwavres, M.D., Associate Professor 
of Internal Medicine, University of Michigan; 
C. Jounson, M.D., Assistant Profes- 
sor of Internal Medicine, Oklahoma Medical 
School, and Arruur J. Sovari, B.S., M.S. 
(Prysics ), Instructor in Radiation Physics, 
University Hospital, Ann Arbor, Michigan. 
Pp. 456; 126 ills. Philadelphia: W. B. 
Saunders Co., 1957. Price, $11.50. 

Tuts text is eminently suited for the be- 
ginner in radioisotope usage. Its major assets 
are 1) a uniformly high level of clinical 
judgment, reflecting the experience and 
thoughtfulness of the authors, and 2) the 
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presentation of techniques in recipe style, in 
such detail that a novice with skill in general 
laboratory technique may expect to carry 
out the studies successfully. Included in this 
recipe style are detailed descriptions of vir- 
tually every used isotope “tracer” technique 
in clinical use. 

Somewhat less satisfactory is the physics 
coverage, being marred not only by a failure 
to convey understanding, but by typographi- 
cal errors, as in the which will 
serve only to confuse the beginner. The sec- 
tion on health physics is, however, well done. 

Of greatest usefulness are the chapters on 
the clinical uses of radioiodine, where the 
senior author speaks with great wisdom and 
care, commending his attitudes and opinions 
to all who inquire. R. R. 


Tuerapeuric Use or ArtririciaL Raproriso- 
vores. Edited by Paut F. Hann, Pu.D., 
Cancer Research Laboratories, Nashville, 
Tenn. Pp. 414; 139 ills. New York: John 
Wiley & Sons, Inc., 1956. Price, $10.00. 
Tuese are two excellent texts on clinical 

uses of radioisotopes. Hahn is much less even 

in quality and scope than is Beierwaltes, re- 
flecting the numerous contributors to the 
former. 

Hahn is noteworthy for sections on 
dosimetry by Yalow, and for outstanding sec- 
tions on thyrotoxicosis and thyroid cancer by 
Myant and Pochin. The general discussions 
of treatment of various tumors by radioiso- 
topes is not suited to the needs of beginners 
in the field. Beierwaltes, while weak in the 
physical and technica! portions, is to be highly 
recommended to beginners, because of the 
presentation of every application of radio- 
isotopes now in clinical use in specific detail 
sufficient to permit any careful laboratory 
worker to execute the procedure. The clinical 
experience and judgment of the author is 
also exceedingly well communicated for the 
benefit of the novice. . 

In summary, Beierwaltes meets the require- 
ments of the beginner in radioisotope use, and 
Hahn provides many interesting pews for 
the more experienced user. Both are clearly 
necessary additions to every teaching library. 

R. R. 


EXPERIMENTAL PsYCHOLOGY AND OTHER 
Essays. By I. P. Paviov. Pp. 653; 4 ills. 
New York: Philosophical Library, 1957. 
Price, $7.50. 


Tuts book appears to be a direct transla- 
tion of a Soviet volume, though the trans- 
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lator is nowhere mentioned. It contains a 55- 
page background review and evaluation of 
Pavlov’s work by a Russian, Koshtoyants, and 
a 2-page review of his own career by Pavlov. 
The most revealing remark by Koshtoyants 
is that “Pavlov never lost confidence in the 
victory of materialism over idealism.” 

The body of the book contains selected 
papers and lectures dealing with each of 
eleven areas of Pavlov’s investigation, includ- 
ing digestive, circulatory, and nervous sys- 
tems, and the relation of physiology to psy- 
chology and psychiatry, and others. The an- 
notation is well done. 

The book is valuable because it gives a 
sampling of the many areas of Pavlov’s activ- 
ity and gives some of the flavor of his think- 
ing and simplicity of expression. It will appeal 
to anyone who is at all interested in experi- 
mental work. 


CONGENITAL SypuHitis: A FoLLow-upe Strupy 

WitH REFERENCE TO MENTAL ABNORMALI- 
Ties. By HALLGREN AND EINAR 
Welander Home, Stockholm 
(Einar Hollstrom). Pp. 81. Copenhagen: 
Ejnar Munksgaard, 1954. 

Tus supplement to Acta Psychiatrica et 
Neurologica presents a follow-up study with 
reference to mental abnormalities in con- 
genital syphilis, based on 500 cases, for ex- 
ample, 328 cases of manifest congenital 
syphilis and 172 cases with obscure diagnosis 
of congenital syphilis or pure observation 
cases. After a survey of the literature, the 
case material is subjected to statistical analy- 
sis. As a result, it may be stated that environ- 
mental conditions and heredity are important 
etiologic factors with regard to mental ab- 
normalities in patients with congenital syph- 
ilis. In some cases the syphilitic infection is 
the direct cause of the mental deficiency. 
This is an interesting monograph but will 


have a limited appeal. H. B. 


PROCEEDINGS OF THE THIRD NATIONAL CAN- 
CER CONFERENCE, sponsored by the American 
Cancer Society, Inc., and the National Can- 
cer Institute U.S. Public Health Service. Pp. 
961; 789 ills. including graphs and tables. 
Philadelphia and Montreal: J. B. Lippincott 
Co., 1957. Price, $9.00. 

Drs. R. HELLER AND §S. 
CAMERON have summarized this Cancer Sym- 
posium very adequately. The former has 
indicated that the Conference has accom- 
plished its objectives “by providing a check 


point on the program of research, by bringing 
about cross-fertilization of ideas and by pro- 
voking new ideas and procedures.” The latter 
has stressed the science of epidemiology 
in the study of cancer and has indicated “that 
practically every discipline of biologic sci- 
ence has a stake in cancer.” 

It would be impossible in the space allotted 
to review the papers in this volume and 
untair to single out a few for comment, since 
all of these papers are adequately and ably 
presented. There are symposia on cancer of 
the breast, prostate, lymphatic and hema- 
topoietic systems, lung, head and neck, fe- 
male genital system and gastrointestinal tract 
along with conferences on chemotherapy in 
cancer and on the end-results in the treat- 
ment of cancer. This volume should be of 
interest not only to the oncologist and to 
the surgeon, but to all of the medical and 
related biologic fields, since Dr. Cameron has 
stressed the fact “that every discipline of 
biologic science has a stake in cancer.” 


A 


NEW BOOKS 


Symposium on Vitamin Metabolism. By G. 
M. Brown, J. J. Burns, I. C. Gunsaus, 
L. M. Henperson, |. Hurwirz, C. A. 
NicHoi, S. Ocnoa, G. W. E. PLAvutT, AND 
L. D. Wricur. Nutrition Symposium 
Series No. 13. Pp. 118; 100 ills. New 
York: The National Vitamin Foundation 
Inc., 1956. Price, $2.50. 

Tue discussions included in this symposium 
present the current knowledge of the metabolism 
of many of the B complex vitamins and ascorbic 
acid. The conversions of the vitamins into co- 
enzymes through phosphorylation or nucleotide 
formation and clarification of the means whereby 
the structure of the biologically active factors 
promotes the reactions controlled by them are 
elucidated. The transformations involved in 
thiamine and lipoic acid metabolism, and the 
intermediary metabolism leading to niacin syn- 
thesis and pyridine nucleotide formation are 
skillfully depicted. Significant details of ribo- 
flavin, pyridoxine, pantothenic acid, folic acid, 
biotim and ascorbic acid metabolism are also 
summarized by prominent research workers in 
these respective fields. For those involved in 
the fundamental aspects of vitamin metabolism 
and biochemistry this volume will provide a 
handy review of current knowledge. i. os 


Polysaccharides in Biology. Transactions of 
the First Conference, April 27, 28 and 
29, 1955, Princeton, N.J. Edited by 
Georc F. Sprincern, M.D., William 
Pepper Laboratory of Clinical Medicine, 


a: 


Hospital of the University of Pennsyl- 


vania. Pp. 271; 31 ills., 2 in color. New 
York: Josiah Macy, Jr., Foundation, 


1956. Price, $5.00. 

Tuts is a verbatim report of the First Con- 
ference on Polysaccharides in Biology, held in 
April, 1955, at Princeton, N.J. Although most 
of the material deals with bacterial polysac- 
charides and blood group substances, problems 


of nomenclature and of classification are also 
considered. 

The discussions are informal but highly in- 
formative and basic in their scope. Bacteriolo- 
gists, biochemists, and immunohematologists in 
particular will find this an interesting and stim- 
ulating volume. Cc. 


The Year Book of Pediatrics (1956-1957 
Year Book Series) Edited by Sypney S. 
Geiuts, M.D. Pp. 480; 134 ills. Chicago: 
The Year Book Publishers, Inc., 1956. 
Price, $6.75. 

As it has done in the past, the present edition 
of the Year Book of Pediatrics serves avery 
useful purpose to all who are interested in the 
many varied aspects of pediatrics. The  prac- 
tice of including editorial comments or contro- 
versial articles has been continued. This adds 
greatly to the value of the book. A wide variety 
of articles have been selected for review, and 
the format of the book is attractive. 

This book should be invaluable not only to 
pediatricians attempting to keep abreast of 
the tremendous volume of pediatric literature, 
but also to those in other fields who have 
problems relating to children. R. O. 


Home Health Emergencies. Pp. 256;  illus- 
rated. New York: Equitable Life Assur- 
ance Society of the United States, 1956. 
Free on request. 


Pharmacologic Action of Anesthetic Agents 
in Irradiated Animals. By James E. 
Witson, Pu.D., U.S. Air Force Radia- 
tion Laboratory of the University of 
Chicago. Pp. 7; 1 ill. Washington: U.S. 
Department of Commerce, Office of 


Technical Services, 1956. Price, $.50. 


\ Screening Semi-quantitative Method for 
the Determination of Carbon Monoxide 
in Blood. Wright Air Development Center 
Technical Report 56-143. Pp. 20; 2 ills. 
Washington: U.S. Department of Com- 
merce, Office of Technical Services, 1956. 
Price, $.75. 
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Studies on Oxygen Poisoning. By Repeca 
GerscuMAN, PxH.D., WALLACE O. FENN, 
Pu.D., anp Orners. Pp. 36; 11 ills. 
Washington: U.S. Department of Com- 
merce, Office of Technical Services, 1956. 
Price, $1.00. 


Experimental Studies of Prolonged Wakeful- 
ness. Wright Air Development Center 
Technical Report 55-395. Pp. 16; 9 ills. 
Washington: U.S. Department of Com- 
merce, Office of Technical Services, 1956. 
Price, $.75. 


Disease Control and International Travel. A 
Review of the International Sanitary 
Regulations. Chronicle of the World 
Health Organization, Vol. 10, No. 9-10, 
September—October, 1956. Pp. 71; illus- 


trated. Geneva: World Health Organiza- 
tion, 1956. Price, $.70. 
The Evaluation Autonomic Responses: 


Toward a General Solution. By Joun I. 
Lacey. Pp. 40; illustrated. New York: 
New York Academy of Sciences, 1956. 
Price, $1.50. 


Natural Resistance to Infections. By Watsu 
McDerMmorr 24 orners. Pp. 176; 
illustrated. New York: New York Acade- 
my of Sciences, 1956. Price, $3.50. 


Techniques for the Study of Behavioral 
Effects of Drugs. By Peter B. Dews AND 
9 ornenrs. Pp. 114; illustrated. New York: 
New York Academy of Sciences, 1956. 
Price, $3.00. 


Experimental Methods for the Evaluation of 
Drugs in Various Disease States. By B. 
N. Craver AND 26 orHers. Pp. 286; illus- 
trated. New York: New York Academy of 
Sciences, 1956. Price, $4.00. 


NEW EDITIONS 


Oral Histology and Embryology. Edited b 
Bauint J. Orsan, Loyola University. 4t 
ed. Pp. 379; 269 ills., including 4 color 
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plates. St. Louis: C. V. Mosby Co., 1957. of Nursing, Presbyterian-St. Luke Hos- 
Price, $9.00. pital, Chicago. 2nd ed. Pp. 103. St. Louis: 
In this new edition Dr. Orban has given the C. V. Mosby Company, 1957. Price, $2.25. 
profession a work that is excellently compiled A CAREFULLY arranged collection of 19 exer- 
and worthy of high commendation, | In general, cises accompanied by well chosen questions for 
the text does not differ from previous editions discussion, this manual seems to be readily 
except in the addition of a few illustrations. It adaptable to the basic science course given in 
would be difficult to find another book that so most schools of nursing. E. S. 


admirably meets the requirements in teaching 
the student the principles of oral histology and 
embryology. It might be said, however, that in 
chapter continuity it might have been’ wiser 


policy if “The Development and Growth of the The Clinical Management of Varicose Veins. 


Teeth” had been followed by those chapters By Davin Woo.Fro_kK Barrow, M.D., 
concerned with the study of the Epithelial At- Professor of Surgery, Marquette Univer- 
tachment and Eruption,” before considering the ity. Scl l £ Medici ond ed. P 169 
hard dental structures. This does not detract in sity cnoo ed. rp. 
the slightest from the merits of the work which 70 ills., 4 in color. New York: Paul B. 
is both factual and informative. The numerous Hoeber, Inc., 1957. Price, $6.00. 
collaborators have made the work outstanding 

- : Ims is the second edition of a popular book 
in its particular field. F. Jj. . on 

: on a common but neglected disorder. The ap- 


proach is highly practical and the author presents 
his information in a clear and succinct manner. 
Brief case presentations enhance the value of the 


Laboratory Manual of Microbiology. By M? _ book. Most of the figures and illustrations are 
MAGDALENE STEWARD, B.A., R.N., School ‘excellent and the Index is adequate. N. L. 


THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES 
Published Monthly. Illustrated. 
Subscription price: 1 year $10.00; 2 years $18.00. 


(One year subscription to Canada, South and Central America and Spain, 
$10.36; all other countries $11.14.) 


All foreign subscriptions payable in advance in United States dollars. 


Business Correspondence: Lea & Febiger, 600 S. Washington Sq., Philadelphia 6, Pa. 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 


Manuscrirts intended for publication in THe AMERICAN JOURNAL OF THE MEDICAL SCIENCES, 


and correspondence should be sent to the Editor: 
Dr. Ricnarp A. Kern, Temple University School of Medicine, Philadelphia 40, Pa. 


Articles are accepted for publication in THe AMERICAN JOURNAL OF THE MEDICAL SCIENCES 
exclusively, except in the case of subsequent publication in Society proceedings. 

Manuscripts should be typewritten on one side only, of good quality paper and should be 
double spaced with liberal margins. The author’s chief position and, when possible, the Depart- 
ment from which the work is produced should be indicated in the subtitle. 

ILLUSTRATIONS ere articles should be numbered and have typed captions bearing 
corresponding numbers. For identification they should also have the author’s name written on 
the margin or back. Line drawings and charts should be prepared with black India ink. Special 
arrangements can be made for printing color plates, elaborate tables or an excessive number 
of illustrations. 

REFERENCES should be numbered and at the end of the articles arranged alphabetically 
according to the name of the first author and should be complete, that is, author's name, 
journal, volume, page and year (in Arabic numbers). 

ReTuRN Postrace should accompany all manuscripts but will be returned to the author if the 
manuscript is accepted. 

100 Reprints will be supplied gratis. Covers will be omitted on all articles. Orders of 
additional reprints will be supplied in multiples of 100. An order form showing cost of reprints 
is sent with proof. “te Ferre marten can usually be obtained by writing directly to the author. 


W 
b 
: fr 
A 
T 
a 
be 
de 
Sol 
su 
Bl. 
ani 
an 
she 
rat 
sex 
che 
cial 
lipe 
pro 


